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RECIPROCATING SAWS AS TOOLS OF DISMEMBERMENT: ANALYSIS OF 
CLASS CHARACTERISTICS AND PRACTICAL UTILITY 
JACQUELINE BERGER 
ABSTRACT 
The present research examined the features that may differentiate cuts made in 
bone by mechanical and hand-powered saws, specifically investigating the characteristics 
of commercially available reciprocating saws. The partial limbs of adult white-tailed deer 
(Odocoileus virginianus) were used as a proxy for human remains, and were cut using 
five commercially available reciprocating saw blades and a hand-powered hacksaw. The 
reciprocating blades tested ranged from five teeth-per-inch to 14/18 teeth-per-inch and 
included raker, alternating, and wavy tooth sets. The hacksaw blade had 32 teeth-per-
inch, with wavy set teeth. All the blades examined were intended to cut wood, metal, or 
both materials. The resulting false start kerfs and complete kerfs on the remains were 
then examined macroscopically and microscopically. The present study utilized both 
qualitative and quantitative analysis to examine kerf features that characterize 
reciprocating saws. The presentation of specific features within the kerf varied based 
upon blade properties, how the implement was powered, and how it was wielded in 
reference to the material.  
The results of the present study demonstrated that significant differences do exist 
between reciprocating saw blades. Kerf characteristics in which significant differences 
were noted include: kerf false start (cross section) shape, frequency of cut surface drift, 
presence of harmonics, striation regularity, and exit chipping size. Inter-blade differences 
  vi 
generally reflect class characteristics previously established for hand-powered blades, 
though reciprocating blades do not strictly follow these categorizations (Symes 1992; 
Symes et al. 1998, 2010). Identification of inter-blade differences allows the limited 
identification of sub-classes within reciprocating saws based on the above characteristics, 
though blades cannot be uniquely identified. Additionally, interior exit chipping was 
noted, which has not been mentioned in previous sharp force trauma research.  
Ultimately, this research has applications for sharp force trauma analysis and further aids 
in the identification of reciprocating saw use in a forensic context, including 
dismemberments. 
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CHAPTER 1:  INTRODUCTION 
 
Understanding the sequence of events surrounding a death is of great investigative 
importance, with the forensic anthropologist providing analyses of ante-, peri- and 
postmortem events within the larger context of forensic taphonomy (Sauer 1998). From a 
forensic perspective, taphonomic processes are understood in the short-term, with 
humans themselves sometimes acting as taphonomic agents (Congram 2014), as opposed 
to the long-range, geological understanding of taphonomy in paleontology (Nawrocki 
2009; Sorg and Haglund 2002). Arising from the conception of humans as taphonomic 
agents, the analysis of skeletal trauma has emerged as an innovative sub-discipline within 
forensic anthropology as a whole (Dirkmaat et al. 2008).  
Trauma analysis is often considered the most crucial aspect of applied forensic 
anthropology (Kendell et al. 2015; Rainwater et al. 2012). Interpretation of fractures, 
deformation, and other damage characterizes skeletal trauma analysis, ultimately 
delineating three main categories of skeletal trauma: projectile, blunt, or sharp (Kroman 
and Symes 2013). Projectile trauma encompasses any trauma as a result of a small, fast-
moving object to include firearms or munitions, shrapnel from explosions, or projectile 
points in a historic context. Ballistic trauma is any trauma specifically sustained by 
firearms or munitions (Kroman and Symes 2013). Blunt force trauma is commonly 
conceived as a slower loading force, applied to a relatively larger area (Kroman and 
Symes 2013). Such a force may be weapon-sized as in the case of interpersonal violence 
or be the result of a motor vehicle accident. Sharp force trauma encompasses tools used 
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for slicing or stabbing, hacking, and sawing (Kroman and Symes 2013). Sharp force 
trauma differs greatly depending upon the implement in question, with some weapons 
creating trauma with features of both blunt and sharp categories (Humphrey and 
Hutchinson 2001; Tucker et al. 2001). Some sharp force trauma research has examined 
marks on bone and cartilage (Bonte 1975; Pounder et al. 2011; Puentes and Cardoso 
2013); however, the present study specifically focuses on sharp force trauma to bone, as 
opposed to other tissues.  
More recent research of sharp force trauma has incorporated advancements in the 
study of bone biomechanics and analytical techniques (Bromage and Boyde 1984; 
Crowder et al. 2013; Love et al. 2015; Sauer 1998; Saville et al. 2007; Symes et al. 
2002). Questions of directionality, microscopic and macroscopic analysis, use of 
scanning electron microscopy, and statistical modeling of kerf characteristics have been 
addressed in more recent studies concerning hacking, cutting, and sawing (Bartelink et al. 
2001; Freas 2010; Humphrey and Hutchinson 2001; Tucker et al. 2001). While 
previously considered to be of little value in forensic cases, analysis of sawing trauma has 
increased in recent years (Symes 1992; Symes et al. 1998, 2010). Sawing action was 
once believed to obliterate all diagnostic features of the saw left in osteological material 
(Andahl 1978; Bonte 1975; Symes 1992), yet research has demonstrated that saw marks 
do in fact possess a wealth of evidentiary information (Andahl 1978; Bonte 1975; Symes 
1992; Symes et al. 1998, 2010). Subsequent analysis of cut features can lead to the 
identification of the saw class that may have caused the mark in question.  
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Current research on saw marks has focused upon two main sources of variation: 
differing blade characteristics and saw power (Symes 1992; Symes et al. 1998, 2010). 
Extrapolating upon previous research (Andahl 1978; Bonte 1975) demonstrating that 
features do exist in saw marks, Symes (1992) was the first to identify and name saw class 
characteristics. Additionally, this work was able to determine experimentally the 
relationship between these observable characteristics and blade type and/or set. These 
findings were further codified by Symes et al. (1998, 2010). Besides blade 
characteristics, saws have also been divided based on power source: hand-powered or 
mechanical. Mechanical saws are any saw powered by gas, an electric motor, or 
pneumatics (Symes 1992). More recently, mechanical saws also include those that are 
battery-powered, or “cordless”. This study specifically examines an electric motor-
powered saw.  
Given the wide variety of mechanical saws available, efforts have frequently 
focused on the identification of power (Symes and Berryman 1989; Symes 1992), 
followed by characteristics potentially unique to a particular type of mechanical saw, 
such as a chain or circular saw (Moore 2014; Symes 1992; Symes et al. 2010). Nest saws 
(Symes 1992) have universal handles capable of being fitted with a variety of different 
blades, of which reciprocating saws are one type. Reciprocating saw blades move bi-
directionally or back and forth through electric, battery, gas, or pneumatic power (Symes 
et al. 1998). In comparison, other power saws, such as the circular saw, have 
unidirectional or continuous blade action (Symes et al. 1998). Symes (1992) did conduct 
research on power reciprocating saws but did not include detailed results. That study 
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asserted that saw marks created by reciprocating saws are subject to the same variations 
affecting hand-saws, namely blade type and set, and thus did not need to be discussed. 
These results have not been experimentally verified by other researchers.     
The use of saws as tools of dismemberment has been widely recognized (Andahl 
1978; Bonte 1975; Konopka et al. 2007; Rajs et al. 1998; Reichs 1998; Symes 1992; 
Symes et al. 1998, 2010). In regard to dismemberment utilizing mechanically-powered 
saws, case studies have included acts of suicide (Asano et al. 2008; Schyma et al. 2013; 
Zribi et al. 2014) and homicide (Di Nunno et al. 2006; Konopka et al. 2007; Rajs et al. 
1998; Reichs 1998). However, mechanical saw fatalities do not always indicate a clear 
manner of death. A firm understanding and documentation of the death scene, as well as 
potential accidental injuries for the class of saw in question is necessary before 
determining if a death is an accident, suicide, or homicide. Failing to understand saw 
mechanics and saw sharp force trauma can lead to a misidentification of the manner of 
death (Reuhl and Bratzke 1999).  
In addition to research examining saw mechanics and saw sharp force trauma, 
studies have also investigated the incidence of dismemberment in various geographic 
areas over a specified length of time, including how rates of dismemberment prevalence 
may have changed (Konopka et al. 2007; Rajs et al. 1998). In Sweden, during a 30-year 
period between 1961 and 1990, a total of 22 deaths involving criminal 
mutilation/dismemberment of the human body were noted (Rajs et al. 1998). The authors 
found that cases involving criminal dismemberment tended to cluster seasonally, with 
most cases occurring during the summer and winter months. Prevalence rates of 
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dismemberment per decade increased over the three decades of study (Rajs et al. 1998), 
suggesting an upward trend of criminal dismemberment in Sweden. When examined 
spatially, the authors also noted that cases involving criminal dismemberment were 6.6 
times more likely to occur in large urban areas in comparison to the rest of Sweden (Rajs 
et al. 1998). Similar analysis of criminal dismemberment trends was also conducted in 
Poland, specifically cases investigated by the Cracow Department of Forensic Medicine 
between 1968 and 2005 (Konopka et al. 2007). Overall, 23 cases of criminal 
dismemberment occurred during this time period and in this context (Konopka et al. 
2007). Based on these cases, the authors also concluded that excepting acts of 
necrophilia, the victim of criminal dismemberment is always a victim of homicide 
(Konopka et al. 2007).  
Additionally, researchers have sought to classify acts of dismemberment, 
identifying three main motivations for criminal dismemberment. These motivations are 
not mutually exclusive and do not address dismemberment as a prelude to other acts such 
as cannibalism. According to this system, perpetrators may hope to hinder or prevent the 
positive identification of remains, facilitate transport of remains, or may be motivated to 
disfigure or dehumanize the victim (Reichs 1998; Symes 1992). A saw could potentially 
be used as a dismembering tool regardless of perpetrator motivation. Previous research 
has also demonstrated that perpetrators typically use tools that are readily available and 
may already be in their possession at the time of the crime (Dogan et al. 2010; Konopka 
et al. 2007; Rajs et al. 1998; Symes 1992). Given this consideration, research on 
commonly available tools such as reciprocating saws is greatly needed. 
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The present study aims to determine class characteristics present in cuts in bone 
made by reciprocating saws. The hypothesis being tested is that cases of dismemberment 
by reciprocating saws can be differentiated from cases involving hand-powered saws 
such as a hacksaw, via saw cut class characteristics identified and analyzed in previous 
research (Symes 1992; Symes et al. 1998, 2010). Furthermore, the present study 
investigates possible identifiable sub-classes within reciprocating saws and demonstrates 
the utility of reciprocating saws in criminal activity involving the partial or complete 
dismemberment of human remains, in comparison to other commercially available hand-
powered or mechanical saws. It is hypothesized that identification of sub-class 
characteristics is possible, and the utility of a reciprocating saw within a forensic context 
can be readily supported.  
To test the hypothesis, fleshed partial limbs of adult white-tailed deer (Odocoileus 
virginianus) were utilized as a proxy for human remains. Cuts were made using five 
reciprocating saw blades, with a manual hacksaw blade serving as a control. Each 
reciprocating blade was mounted in the same reciprocating saw housing to minimize 
potential variation created by differing saw models. Each blade was used to create a 
minimum of 10 complete kerfs and at least two false start kerfs, following Symes (1992). 
The kerfs created by these blades were analyzed for 17 characteristics which have been 
demonstrated to vary between blades of different type and set. Additionally, kerfs were 
examined for traits potentially unique to reciprocating saws that could differentiate 
reciprocating saws from other mechanical saws in a forensic context. Identification of a 
suspect weapon can link victims, perpetrators, and scenes, as well as direct investigative 
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efforts in general. By demonstrating that a particular tool is likely to have been utilized in 
a crime, investigators can circumstantially demonstrate that the person in possession of 
that tool likely committed the crime in question. Ultimately, identification of tool or saw 
classes is invaluable to forensic investigation. 
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CHAPTER 2:  PREVIOUS RESEARCH 
 
Introduction 
The study of sharp force trauma on bone draws information from several related 
fields to include forensic anthropology (Bartelink et al. 2001; Crowder et al. 2013; Freas 
2010; Humphrey and Hutchinson 2001; Kroman and Symes 2013; Loe 2009; Sauer 1998; 
Symes and Berryman 1989; Symes 1992; Symes et al. 1998; Symes et al. 2010), 
taphonomy (Congram 2014; Nawrocki 2009; Symes et al. 2002), and tool mark analysis 
(Andahl 1978; Bonte 1975). Studies surrounding sawing as a form of sharp force trauma, 
and dismemberment more specifically, are reviewed below. As the present research 
addresses dismemberment using a mechanical saw (reciprocating saw), particular 
attention will be paid to cases and research of this nature. Terminology commonly used 
to discuss both sawing and general sharp force trauma will be defined and its 
applicability to this research delineated.  
Biomechanics 
  
Trauma research rests upon the study of biomechanics, which examines forces 
and energies as they act upon living tissue (Kroman and Symes 2013). Intrinsic factors 
are variables associated with the material properties of bone and other living tissues, 
affecting the ways in which the body and bone respond to outside forces. Extrinsic 
factors are these outside forces involved in the mechanism of injury to include load or 
force. While the study of biomechanics applies to all living tissues, the principles as they 
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apply to bone are of particular importance for the current study. Bone is defined as an 
anisotropic material (Loe 2009; Kroman and Symes 2013; Symes et al. 2014), meaning 
that it possesses different material properties based on direction, speed, and focus of the 
force being applied. These differing material properties give rise to a variety of responses 
to injury, a factor which greatly informs the complexity of trauma analysis.  
Regardless of the various extrinsic and intrinsic factors at work, the skeleton is 
typically affected in four ways by traumatic forces: (1) partial to complete breaks in a 
bone, (2) displacement or disruption of joints, (3) damage to nerve and/or blood supply, 
or (4) deformation of shape or contour of bone (Ortner 2003). In regard to skeletal 
analysis, these effects are visible as fracture, dislocation, post-traumatic deformities, and 
miscellaneous traumatic conditions. Sawing, as the focus on the present study, does 
create a partial or complete separation of bone, which may or may not include 
accompanying fractures.    
Directionality in biomechanical research is typically divided into five categories: 
tension, compression, torsion, bending, and shearing (Byers 2008; Ortner 2003). Tension 
is a force moving away from the center of the object in a longitudinal direction. 
Compression is the inverse of tension, with forces moving longitudinally toward the 
center of the object. Tension and compression can often be at work in the same 
mechanism of injury, as in the case of butterfly fractures. Torsion occurs when a force is 
applied in a spiral or twisting direction to the element. Bending usually occurs when 
force or stress is applied to a discrete location on the element, resulting a transverse 
separation. Bending can also be understood as compression occurring at the area of stress 
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and tension occurring opposite. Shearing occurs when opposing forces are applied to a 
bone in slightly different planes. As previously addressed, directionality may change or 
be combined throughout a mechanism of injury. Directionality alone cannot determine 
trauma; speed and foci also greatly affect traumatic outcomes.  
In addition to directionality, speed defines the force applied and also affects the 
nature of trauma sustained. Speed is understood as either dynamic or static. In addition to 
being anisotropic, bone is also viscoelastic. Possessing both elastic and plastic properties, 
the varying responses of bone play a crucial role in trauma interpretation. In general, 
dynamic forces lead to failure of the bone. The application of sudden force, regardless of 
the amount of energy, often causes bone to reach the point of failure. In comparison, 
static force can often be less grossly traumatic to bone. The steady application of force 
causes the bone to behave in an elastic manner, eventually progressing to plastic 
deformation as opposed to outright failure. Speed in relation to bony trauma is best 
understood through a stress-strain curve (Figure 2.1), as few injury mechanisms are 
wholly dynamic or static. Finally, focus of force also informs trauma interpretation. Force 
is characterized as either narrow or wide. In the same way that speed can lead to varying 
bony responses; so can focus. Similar to dynamic speed, narrow foci can cause bone to 
fail quickly as opposed to undergo plastic deformation. Focus also serves to delineate 
types of trauma.  
As previously discussed, the application of force with varying directionality, 
speed, and focus leads to a range of fracture responses. These responses are best 
understood through a variety of mathematical models to include Poisson’s Ratio and 
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Young’s Modulus. Poisson’s Ratio describes the proportional change in an object’s 
length and width in response to an applied stress. Like all aspects of biomechanics, this 
change is dictated by extrinsic and intrinsic factors. In the case of bone, this includes the 
osteological element in question. While bone itself has viscoelastic properties, these vary 
based upon the morphology of the element and its intended anatomical function (Kroman 
and Symes 2013). For instance, the femur evolved to withstand much greater loads in a 
longitudinal direction as opposed to horizontally, given its function in weight-bearing. 
Young’s Modulus, described through a stress-strain curve, summarizes the ratio of stress 
to strain in an elastic material under compressive or tensile force, reflecting the relative 
stiffness of the material. The model can aid analysts in understanding progression of 
injury to include deformation of material. 
In the case of bone, two types of deformation can occur: elastic or plastic 
(Kroman and Symes 2013; Loe 2009; Sauer 1998). Elastic deformation occurs when the 
material returns to its original form once the force is released. Plastic deformation occurs 
when the material does not return to its original form; however, the material has not yet 
failed. Bone undergoes both elastic and plastic deformation prior to failure. Failure is 
defined by the inability of material to withstand the force at work, by virtue of 
directionality, speed, focus or a combination, causing the material to break.  
The understanding of trauma as a continuum, particularly in forensic 
anthropological analysis, has emerged in recent years (Kroman and Symes 2013), though 
previous works have addressed ante-, peri- and postmortem trauma to the skeleton. 
Antemortem trauma has occurred during the lifetime of the individual in question and 
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generally demonstrates evidence of a healing response, micro- or macroscopically 
(Cunha and Pinheiro 2009). Antemortem trauma can be divided in four types: accidental, 
intentional, cultural, and therapeutic (Cunha and Pinheiro 2009). Intentional trauma most 
accurately describes injuries resulting from interpersonal violence. Though 
dismemberments are intentional trauma, they usually utilized to aid in body disposal 
(Reichs 1998), rather than inflict pain on a living individual. Current antemortem trauma 
research often focuses upon injuries resulting from child abuse (Love 2011). Perimortem 
trauma is trauma inflicted around the time of death (Loe 2009). Postmortem trauma has 
occurred after an individual has died (Reichs 1998; Symes et al. 2014), though the bone 
in question may still retain its viscoelastic qualities. Delineating perimortem trauma from 
recent antemortem trauma and postmortem trauma can be difficult. Most 
dismemberments are postmortem in nature, aside from aggressive dismemberments or 
dismemberment as a method of torture (Morcillo-Méndez and Campos 2012).  
The question of biomechanics must also be considered in the use of nonhuman 
animal proxies in trauma research. A crucial intrinsic factor to trauma etiology is the 
microscopic organization and macroscopic geometry of the element in question (Kroman 
and Symes 2013). The use of nonhuman animal proxies is widespread and well-accepted 
in trauma research (Booney 2014; Freas 2010; Kooi and Fairgrieve 2013; Moore 2014; 
Saville et. al 2007; Tucker et. al 2001), though the intrinsic properties of nonhuman 
animal remains differ from human samples. Saville et al. (2007) specifically addresses 
this concern, delineating Vickers hardness values for a variety of commonly utilized 
animal proxies as well as human cortical bone. Vickers hardness testing allows for the 
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quantification of hardness values (kg mm-2) of both the external bone surface and points 
across the cortex, and assigns a numerical value that can be related to the yield stress of 
the material in question. Variation in hardness values are observed in different bones of 
the same individual and in individuals of different ages, with mean values for species and 
element provided (Saville et al. 2007). Pig femurs (Sus scrofa) were found to be the best 
match to human bone in terms of mean hardness value.  
Though pig models offer the best comparative mean hardness values, white-tailed 
deer (Odocoileus virginianus) were chosen for this study for several reasons. Given the 
number of proposed cuts, limbs of limited length posed a problem. As the majority of 
porcine remains commercially available are from juvenile individuals, limited cuts could 
be made on the same limb by the same blade, introducing unnecessary sources of 
variation. As previously stated, hardness values can vary between elements and 
individuals. Utilizing deer limbs, which are longer in length, helped to decrease this 
variation. In addition, though not strictly morphologically similar, dimensions of cervid 
remains are more comparable to human long bones than pig. Finally, though both models 
are commercially available, use of cervid remains was more cost-effective and made use 
of material typically disposed as processing waste.  
Sharp Force Trauma Research 
Sharp force trauma can, in fact, be conceptualized as a subcategory of blunt 
trauma (Kroman and Symes 2013). Similar to blunt trauma, sharp force applies a slower 
loading force, though to a relatively smaller area than in the case of blunt force. It is this 
narrower focus that affects the trauma observed. A variety of fracture patterns, some 
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similar to blunt force trauma, can result. Ultimately, sharp force trauma entails any 
trauma resulting from tools intended to slice/stab, hack, or saw (Kroman and Symes 
2013). 
In regard to slicing and stabbing trauma, prior studies have attempted the use of 
high-powered microscopy and statistical modeling of knife mark kerfs with varying 
success. Bromage and Boyd (1984) utilized scanning electron microscopy to examine 
directionality of knife trauma, with the majority of marks being assigned a direction 
based on at least one of three criteria. Subsequently, Bartelink et al. (2001) stressed the 
importance of understanding force, directionality, and orientation of the remains when 
assessing sharp force trauma, variables that produced significant differences in mean kerf 
width between the control and test samples of their study. Cerutti et al. (2014) 
encountered similar challenges in an attempt to determine if sharp force lesions reflect 
the knife blade size that made them. Freas (2010) did successfully identify wear-related 
changes among kerf wall characteristics; however, she was unable to perform meaningful 
quantitative analysis of the striation patterning within the kerfs. Crowder et al. (2013) 
tested the reliability of sharp force trauma analysis techniques to include the use of light 
and digital microscopes, in pursuit of standardized Daubert-compliant practices. The 
study identified what many analysts already suspected, namely, the importance of proper 
equipment and adequate experience in producing reliable and replicable analyses.  
However, knives are not the only implements capable of inducing sharp force 
trauma. The act of hacking, using "short-heavy" weapons as defined by Kimmerle and 
Baraybar (2008), also constitutes sharp force trauma. Humphrey and Hutchinson (2001) 
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examined hacking trauma macroscopically, analyzing the class characteristics created by 
a machete, axe, and cleaver. Differing from both knives and saws, hacking implements 
such as those examined demonstrated characteristics of both blunt and sharp force 
trauma, reflecting the varying foci of the weapons. These differences also aided in 
identification of the suspect weapon based on characteristics in the wound. Tucker et al. 
(2001) investigated microscopic traits of hacking trauma, using scanning electron 
microscopy in an attempt to correlate striae between weapons and those visible in bony 
trauma. The striae were demonstrably different between classes of weapons, though the 
authors stressed the need for both micro- and macroscopic evaluation of hacking trauma.  
Despite extensive research, investigations of both knife and saw marks have been 
historically afflicted by a wide variety of misconceptions and methodological 
shortcomings (Symes et al. 1998). In particular, saws were thought to obliterate any 
diagnostic criteria during the sawing process, a notion that has since proved to be 
erroneous (Symes et al. 2010). Andahl (1978) was the first to examine the specific data 
present in saw marks, particularly in comparison to previously known exemplar blades. 
While that study identified that saw kerfs could provide identifying tool mark information 
and differed from those made by knives, it ultimately focused on the issue of striation 
patterning and identification of teeth per inch of the blade in question. Cut characteristics 
were not systematically correlated with the mechanism of sawing; however, Andahl 
(1978) did recognize the utility of low-power microscopy in saw mark analysis. Symes 
(1992) was the first methodically to analyze sawing trauma caused by different classes of 
saws, identifying features created during parts of the sawing sequence that were variable 
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based on the blade in question. Not only did the study ultimately disprove previous 
notions regarding saw cuts, it provided an efficient method to analyze and discuss sawing 
trauma characteristics to bone, as well as more reliably identify suspect saw classes. 
Commonly accepted terminology for discussing sawing trauma has emerged (Table 2.1), 
derived from the work of Symes (1992) and subsequent publications (Symes et al. 1998, 
2002, 2010).  
Symes (1992) and Symes et al. (1998, 2010) have stressed the identification of 
characteristics present within kerfs as critical for determining which class of saw created 
the cut in question. While individualization of tools is problematic in the initial stage of 
analysis, identification of class characteristics is still helpful in the search for suspect 
tools. The specific characteristics that will be the focus of the present study follow the 
analysis carried out in Symes (1992) and Symes et al. (2010) and are summarized below 
(Table 2.2). When analyzing saw kerfs, characteristics should be contextualized within 
the physical act of sawing and analyzed qualitatively, without metric analysis or high-
powered microscopy (Symes et al. 2010). These studies reflect the assertion by Symes et 
al. (2010) that saw marks are too variable for mathematical modeling or high-powered 
microscopy to be of significant value. As such, the present study utilized low-power 
microscopy and photographic documentation in the analysis of qualitative data.  
Characteristics of Saws 
 As sharp force trauma tools, saws are defined as blades with teeth (Symes et al. 
2010). Characteristics of the blade including the type of blade, set, and power create 
variations in the class characteristics summarized in Table 2.2. Two major blade types 
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exist: rip and crosscut. This classification is typically restricted to handsaws (Symes et al. 
2010), though reciprocating saws are thought to conform to similar principles (Symes 
1992), making this classification applicable. Rip saws are designed to “rip” wood with 
flat, chisel-like teeth. These teeth are not angled or filed, but are simply cut out of the 
blade (Symes et al. 2010). In contrast, crosscut saws do have angled and filed teeth. 
These teeth are filed in opposing directions, usually at 70 degree angles (Symes 1992; 
Symes et al. 2010).  
 Aside from blade types or classes, saws also vary based on the set of teeth or the 
ways in which the teeth are bent laterally (Symes 1992; Symes et al. 2010). Symes 
(1992) was the first to codify tooth sets for the purposes of saw mark analysis, identifying 
three classes: alternating, raker, and wavy. The most common type (Symes et al. 2010) is 
alternating set, with adjacent teeth bent in opposite directions. Raker sets are usually 
intended to “rake” sawdust or imperfections from the kerf floor, with every 3rd or more 
tooth bent in an opposite direction. Wavy sets, which are not as common, have whole 
groups of teeth pointed in opposite direction, as opposed to the individual tooth pattern of 
alternating or raker sets. Regardless of set, blades are usually identified by the total teeth 
present per inch of blade, or TPI. 
 As discussed previously, saws are also characterized by their power source, either 
hand-powered or mechanical. Symes and Berryman (1989) were the first to investigate 
indications of saws’ power. Symes (1992) further codified indications of saw power, 
encompassing three basic differences: consistency of cut, energy transfer, and material 
waste. Symes et al. (2010) defines cut consistency as the presence of recognizable 
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patterning in the kerf, while energy transfer is often indicated by eburnation of the cut 
surface, in addition to other factors. Additionally, mechanical saws are generally seen as 
wasteful of material (Symes et al. 2010), due to the ease of cutting.   
Exit chipping in particular has been identified as an indicator of saw direction 
(Symes 1992; Symes et al. 2010), as well as being investigated as a potential indicator of 
blade characteristics (Moore 2014). Exit chipping, no matter what size, is present with 
few exceptions (Symes 1992; Symes et al. 2010).	The largest chips are usually removed 
on the cutting stroke (Symes et al. 2010). The majority of Western saws, both mechanical 
and hand-powered, cut on the ‘push’ stroke. In contrast, power reciprocating saws cut on 
the ‘pull’ stroke to negate blade bending and binding (Symes et al. 2010). In these cases, 
the overall force is back towards the operator as a result of the reciprocating action of the 
blade. In contrast, the force of the hacksaw used in the present study is away from the 
operator, as the saw is pushed through the material. In the present study, exit chipping has 
been especially considered when reconstructing sawing action and the location of the 
operator relative to the limb. 
Overall, as potential tools of sharp force trauma, saws present the most analytical 
complexity. An understanding of the mechanism of sawing, and the effect of saw 
characteristics on kerf traits is necessary to demonstrate definitely the use of a particular 
class of saw in a criminal context, such as dismemberment.  
Dismemberment 
A specific type of sharp force trauma, dismemberment can be defined as 
amputation of a limb or a portion of it (Dorland 2009), regardless of whether the act is 
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ante-, peri-, or postmortem. Previous case studies provide not only a variety of illustrative 
examples, but several also discuss the frequency with which dismemberment occurs in a 
medicolegal context (Di Nunno et al. 2006; Konopka et al. 2007; Rajs et al. 1998; Reichs 
1998). Dismemberment can be accomplished through three common modes: 
disarticulation around the joints, transection of bone via chopping and transection of bone 
via sawing (Rainwater 2015). Cases of bone transection can involve decapitation or 
severing through the spinal column more distally to divide the torso (Di Nunno et al. 
2006; Dogan et al. 2010; Konopka et al. 2007; Rajs et al. 1998; Reichs 1998), in addition 
to cuts through long bones. Though comparatively less common, disarticulation of an 
individual as a way of ultimately separating the limbs from body as a whole does occur 
(Porta et al. 2016). It has been previously suggested (Rajs et al. 1998; Reichs 1998) that 
those perpetrators who chose to utilize disarticulation may have training in anatomy or 
butchery, though these conclusions have not been definitely demonstrated (Rainwater 
2015). Of the three methods of dismemberment as outlined in Rainwater (2015), 
transection of bone via sawing, both of long bones and vertebral segments, will be the 
focus of the present study.  
Elaborating upon this concept, the combined motivation(s) (Reichs 1998; Symes 
1992) and the nature of the dismembering act delineate five distinct categories of 
dismemberment, although various authors have differed slightly in their categorizations 
(Di Nunno et al. 2006; Konopka et al. 2007; Moore 2014; Rajs et al. 1998; Reichs 1998). 
Defensive mutilation is performed to aid in body disposal or make identification of the 
remains more difficult. Offensive mutilation refers to dismemberments that are 
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motivated by rage, sadistic urges, or other impetuses apart from concealing homicidal 
activity. Aggressive dismemberment occurs when the dismemberment act is also the 
means of homicide, usually through decapitation. The category of sexual 
dismemberment encompasses both necrophilic and sadistic mutilations (Rajs et al. 
1998). Necrophilia mutilations are motivated by a sexual interest in dead bodies and 
generally encompass the mutilation of sexual features such the genitalia or breasts. 
Sadistic mutilations are motivated by a need to carry out acts of violence and killing for 
sexual fulfillment. The dismemberment may be focused on sexual features but can 
include other regions of the body. Mutilation may begin while the victim is still alive and 
continue after death or be strictly a postmortem activity. Necromaniac dismemberment 
is carried out strictly on a dead body, harvesting body parts for use as a trophy, symbol or 
fetish object (Ehrlich et al. 2000). The specially chosen portions may be sexual in nature, 
or may include objects specific to an individual’s obsession, such as the head (Konopka 
et al. 2007; Rajs et al 1998). Ultimately, defensive mutilation most accurately 
encompasses dismemberments using mechanical saws and is the category of 
dismemberment most relevant to the present study.   
Conclusions 
 Aside from forensic anthropological research, trauma principles are applied in a 
variety of other contexts to include paleoanthropology (Blumenschine 1995; 
Blumenschine et al. 1996; L’Abbé et al. 2015) and bioarchaeology (Williamson 2003; 
Facchini et al. 2008). Trauma has also been a subject of study within a human rights 
context (Kimmerle and Baraybar 2008). In regard to sharp force trauma, Kimmerle and 
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Baraybar (2008) have conceptualized weapons as broadly divided based upon size and 
weight (short-long, light-heavy), enabling analysts to comment on potential weapons in 
cases where more specific class characteristics are absent. Dismemberment in a human 
rights context is often discussed in regard to the Colombian Armed Conflict or “Period of 
Violence” (Delabarde and Ludes 2010; López and Umaña 2007; Morcillo-Méndez and 
Campos 2012). Use of dismemberment both as a method of body disposal and a method 
of torture by paramilitary groups in this context was common (Morcillo-Méndez and 
Campos 2012).  
 Regardless of context, examination of sharp force injuries focuses more strongly 
on potential identification of the implement in question based upon damage to the bone, 
while secondarily determining the mechanism of trauma and its medical consequences. In 
this way, forensic anthropological analysis of sharp force trauma draws more strongly 
upon principles of tool mark analysis (Andahl 1978; Bonte 1975; Moore 2014). In 
contrast, fewer potential class characteristics are preserved in cases of blunt or ballistic 
trauma, shifting the primary analytical focus to the effect of trauma on the individual 
(Kroman and Symes 2013). Given this aim, forensic anthropologists should seek to 
understand the myriad effects caused to bone by potential sharp force implements, 
including both hand-power and mechanical saws. In cases involving criminal 
dismemberment, identification of potential blade characteristics and saw power can not 
only aid in investigative efforts, but also help forensic personnel to understand the 
potential logistic and temporal constraints at work in the commission of a particular 
crime. As previously stated, perpetrators of criminal dismemberments typically utilize 
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readily available tools already in their possession (Dogan et al. 2010; Konopka et al. 
2007; Rajs et al. 1998; Symes 1992). The present study investigates possible subclass 
characteristics of a readily available sharp force implement, the electric reciprocating saw 
with interchangeable blades. Results will potentially aid in differentiating reciprocating 
saws from other mechanical saws in a forensic context, particularly in cases of criminal 
dismemberment.  
 
 
 
 
 
 
 
 
 
 
Figure 2.1. Stress-strain curve (image by author, derived from Symes et al. 2014). 
 
Table 2.1. Sawing terminology (Symes 1992; Symes et al. 1998, 2002, 2010). 
 
Term Definition 
Kerf Gap made in the material, in this case bone, by the cutting action. 
False start kerf Incomplete kerf, or a cut that does not pass all the way through the material in question. 
False start 
scratches 
Shallower incomplete kerfs associated with false starts or complete kerfs, lack 
identifiable kerf walls and floors, with minimal damage to the cortical surface. 
Kerf walls 
Vertically oriented planes of the cut, can provide information of teeth per inch, saw 
power and directionality of the cut, through specific characteristics present on the 
wall. 
Kerf floors 
Horizontally oriented planes of the cut, offer the most information regarding the 
relationship of tooth points to each other and the blade as whole, particularly the 
set of the blade and the number of teeth per inch. 
Stress	
Strain	
Fracture	Point	(ultimate	tensile	strength)	
Plastic	Deformation	Elastic	Deformation	
Yield	Point	(tensile	yield	strength)	
LOAD	
DEFORMATION	
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Term Definition 
Initial kerf 
corners 
Areas at which the kerf walls and floors met as the cut progressed, marking the 
outer limits of the cut. 
Breakaway 
spurs 
Bony projections at the floor of the terminal cut, where the bone has fractured as 
opposed to sectioning cleanly. Breakaway spurs and the floors of false starts 
provide the largest visible portions of the kerf floor. 
Breakaway 
notches 
Corresponding missing portion of bone in the case of fracture and the creation of a 
breakaway spur. 
 
Table 2.2. Class characteristics as outlined in Symes (1992) and Symes et al. (2010). 
 
Characteristic Definition Forensic Significance 
Minimum kerf 
width Measurement of the width of the kerf 
Related to width of the set of the 
blade 
Kerf floor 
shape Variable shape of the kerf floor 
Indicative of straight or curved 
blades 
Blade drift in 
kerf Tooth pattern drift across the kerf floor 
Most evident in shallow cuts made 
by alternating set saws 
Presence of 
bone islands Bone material left in the middle of the kerf 
Characteristic of alternating set 
blades and blade drift, increased 
incidence with wider sets 
Cut surface 
drift 
Fluctuations in the plane being cut, resulting 
in a wavy cross section 
Produced by a blade that drifts one 
way and then the other, may be 
indicative of set, largely 
unexplained 
Presence of 
harmonics Blade drift observed from the side 
Informs blade set /TPI estimates 
Striation 
regularity Distance and contour of the striae 
Curvature can be indicative of 
certain types of saws, particularly 
mechanical in nature, while all 
mechanical saws generally 
produced more regular striae 
Tooth 
imprint/floor 
dip 
Residual interrupted tooth imprints on the kerf 
floor 
Can be used to indicate set, tooth 
shape, tooth distance 
Energy 
transfer Indicated by polish on the cut surface 
Indicative of mechanical saws 
Exit chipping 
Present with few exceptions (Symes 1992), 
end of the cutting stroke or the side 
emphasized by the individual doing the 
cutting 
Largest chips tend to be removed as 
the blade exits on the cut stroke, can 
indicate blade progress or general 
sawing action 
Pull out striae Perpendicular striae on the cut surface 
May be indicative of mechanical 
saws, when combined with other 
features 
Tooth hop Wavy striae on the face of the bone 
Can give information about the 
spacing of saw teeth 
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Characteristic Definition Forensic Significance 
Material waste Unnecessary amount of cutting; finer/increased saw dust 
Characterizes power saws 
Consistency of 
cut 
Recognizable patterning with a gradual 
change in patterns, as opposed to inconsistent 
patterning 
Anticipated with continuous cutting 
power saws, also seen with 
reciprocating power saws 
Direction of 
Blade progress 
Indicated by false starts, breakaway spurs, 
perpendicular to stroke and tooth striae 
Informs the examiner about the 
overall cutting process 
Entrance 
shaving 
Polished and scalloped appearance at the 
entrance to the kerf 
Can indicate the twisting of the saw 
itself as the blade entered the bone 
Kerf flare Observable at one end of the kerf floor 
Indicates the handle-end of the 
blade, particularly in flexible blades 
 
 25 
CHAPTER 3:  METHODS 
 
Introduction 
Partially fleshed limbs of white-tailed deer were used in the present study. 
Additionally, three mostly fleshed cervical vertebrae segments of white-tailed deer were 
utilized, as forensic cases of dismemberment often involve decapitation or severing 
through the spinal column more distally to divide the torso (Di Nunno et al. 2006; Dogan 
et al. 2010; Konopka et al. 2007; Rajs et al. 1998; Reichs 1998).   
Six saw blade types were used in the present study: five types of reciprocating 
saw blades with varying numbers of teeth-per-inch and one hacksaw blade for 
comparison with a common hand-powered saw. A minimum of 10 complete kerfs and 
two false start kerfs were made using each saw blade on the remains, following the 
methods of Symes (1992). In addition, the three white-tailed deer necks were sawn a 
variable number of times by the reciprocating blades of the lowest and highest teeth-per-
inch, as well as the hacksaw blade. All experimental cuts were made specifically 
avoiding areas of prior trauma or butchery.  
Saws and Associated Equipment 
Saws 
Two saws were utilized in this study: a Craftsman® ¾ HP Electronic 
Reciprocating Saw (Model 315.171020) was utilized with five commercially-available 
interchangeable blades. A 12-inch Husky® Bow-saw/Hacksaw with one hacksaw blade 
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served as the control. Both tools (or similar) are readily available through commercial 
hardware suppliers.  
Blades 
 A total of six blades was utilized: five interchangeable reciprocating blades and 
one hacksaw blade (Figure 3.1). Blades are summarized in Table 3.1 to include assigned 
number, brand, and source of power (class), and intended use, teeth per inch, blade 
length, width, and set. Blades with variable TPI (Blades Three-Five) are marketed as 
such. TPI of these blades varies due to tooth morphology and set. Average TPI was 
calculated for these blades for all quantitative analyses in which TPI was considered; all 
TPI values remained distinct following this averaging. All blades are commercially 
available in hardware stores. While a large number of blades are available online, only 
blades available in physical stores were chosen in the interest of demonstrating practical 
utility. In a case of criminal dismemberment, those blades that are most readily available 
would most likely be those utilized (Dogan et al. 2010; Konopka et al. 2007; Rajs et al. 
1998; Symes 1992). 
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Figure 3.1. Experimental blades utilized:  (1) 5 TPI, (2) 6 TPI, (3) 6/9 TPI, (4) 10/14 
TPI, (5) 14/18 TPI, (6) 32 TPI. 
 
Table 3.1.  Characteristics of experimental blades. 
# Brand Class Intended Use TPI 
1 Diablo Reciprocating Pruning 5 
2 Milwaukee Reciprocating Clean wood 6 
3 Diablo Reciprocating Wood with nails 6/9 
4 Diablo Reciprocating Wood/metal 10/14 
5 Diablo Reciprocating Metal 14/18 
6 Dewalt Hacksaw Metal 32 
# Length (in) 
Width 
(mm) Set Tooth Angle 
Cut 
Stroke 
1 12 1.92 Raker Crosscut Pull 
2 9 1.61 Alternating Rip Pull 
3 12 1.77 Alternating Variable Pull 
4 12 1.17 Wavy Rip Pull 
5 12 1.07 Wavy Crosscut Pull 
6 12 0.81 Wavy Crosscut Push 
 
1	
2	
3	
4	
5	
6	
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Cutting Method 
As previously summarized, for each blade, the cutter made two false starts 
followed by a minimum of 10 complete cuts, following the methods of Symes (1992). 
Necks were sawn a variable amount of times, depending on the space available on the 
remains, but at least two false starts and two complete cuts were made. Length of the 
limbs acquired often caused samples to span multiple limbs. Cut sections were placed in 
labeled bags accordingly and frozen until time of processing. 
During the cutting process, appropriate safety equipment to include eye protection 
and cut-resistant gloves, as well as a designated cutting area, was established to prevent 
injury to the researcher and other persons involved in the cutting of the remains. The 
researcher acted as the cutter’s assistant and was present throughout the cutting process. 
Another graduate student was also present to collect cut segments and place them in 
labeled bags. All experimental cuts were made >4 cm from any previous butchering cuts, 
present on the distal metatarsals and various cervical vertebrae. As prior butchery cuts 
were not readily observable given the amount of flesh present, butchering was not 
documented photographically. Additionally, butchering was in consistent locations, on 
the distal metatarsals and most proximal/distal aspects of the cervical vertebrae segments.  
As limbs were completely disarticulated, a method of restraint was necessary to 
approximate conditions of criminal dismemberment of intact human remains. One end of 
limbs was immobilized in a metal clamp attached to a sink in the cutting area to prevent 
excess movement (Figure 3.2). Though relatively consistent, limb orientation was altered 
between cuts at times to maintain optimal clamping action. Subsequent analysis allowed 
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for reconstruction of blade progress and cutter position in relation to the element. Necks 
were similarly restrained, requiring little adjustment given their smaller maximum length.  
  
Figure 3.2. Experimental set-up. 
 
Animal Remains 
All remains were obtained commercially. All animals were originally procured 
legally through hunting in fall 2015. All limbs were wastage associated with game-
processing activities by a commercial butcher. Limbs were acquired partially fleshed with 
moderate amounts of soft tissue still attached; larger regions of musculature were 
previously removed for commercial use. No hide was present. Bones available to be cut 
included: femora, tibiae, metatarsals, humeri and fused ulnae/radii. All cuts were 
specifically made on diaphyseal sections of limbs, avoiding smaller elements such as 
fibulae and tarsals. Partial cervical vertebrae segments (necks) were also the product of 
game-processing activities. Necks were received nearly completely fleshed, as they are 
sold commercially for cooking purposes. No hide was present. Bones available to be cut 
included atlas, axis, and other cervical vertebrae. 
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 Remains were frozen from initial acquisition in December 2015 until time of 
sawing in March 2016. All elements were allowed to thaw for at least 24 hours prior to 
sawing. Following sawing, remains were then segregated into labeled plastic bags (based 
on blade) and transported to the Boston University School of Medicine Anatomy 
Laboratory. Remains were again stored in a chest freezer and refrozen.  
Samples for each blade were thawed individually prior to defleshing and further 
processing. Remains were initially thawed for at least 36 hours in a fume hood. 
Following thawing, remains were partially defleshed manually using size 20 and 22 
scalpels, with care taken not to create further cuts or trauma to the bone. Bone marrow 
was removed used a small metal spatula to prevent yellow staining to the bone and 
decrease time necessary in the dermestid beetle colony (Family Dermestidae). While 
some sections could be completely defleshed with manual scraping alone, other elements 
(particularly the necks) required maceration to further soften and remove adherent tissue. 
If maceration was required, remains were placed in a water/detergent solution and 
heated for between 12 and 36 hours, depending on the element. The water/detergent 
solution and accompanying remains were heated to between 37.8 and 65.6 °C  
(100-150 °F). A ratio of 25 mL detergent per one liter of water was used following 
Fenton et al. (2003). Liquid Arm and Hammer™ Clean Burst Plus OxiClean™, an 
enzyme-based detergent, was utilized. Following maceration, remains were allowed to 
cool briefly, then rinsed thoroughly. Any remaining adherent flesh able to be removed 
was scraped with the same tools. Remains were allowed to dry overnight. 
 31 
Following drying, remains were placed in one of three dermestid beetle colonies 
in the Department of Anatomy and Neurobiology. Remains were segregated by blade and 
limb in labeled plastic bins prior to being placed in a colony. Once samples had minimal 
to no adhering soft tissue, they were removed from the colony. Finally, remains were 
degreased for at least 12 hours in a solution of dichloromethane (80%) and acetone 
(20%).   
Analysis 
Macroscopic and Microscopic Analysis 
Following the completion of sample preparation, the resulting complete kerfs and 
false start kerfs from the experimental sawing were examined using a Meiji Techno 
EMZ-TR light microscope at 5x-40x magnification, in addition to macroscopic 
evaluation. Presence of class characteristics as denoted in Symes (1992) and Symes et al. 
(2010) was utilized as a standard for analysis to include: kerf floor shape, minimum kerf 
width, blade drift in kerf, cut surface drift, exit chipping, degree of striation regularity, 
and presence of harmonics. In addition, kerfs were examined for presence of kerf flare, 
bone islands, floor dip, energy transfer, entrance shaving, tooth hop, and pullout 
striations. When applicable, traits were scored for both complete kerfs and false starts. 
Some traits were only observable in false starts or on breakaway spurs. A brief 
description of the characteristics to be examined as well as their forensic value (Symes 
1992; Symes et al. 2010) are summarized in Table 2.2. 
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Photographic Documentation 
 In addition to macroscopic and microscopic analysis, features were also 
documented photographically. Blade drift in kerfs to include bone islands and/or tooth 
imprint, cut surface drift, and presence of harmonics was documented when applicable. 
All kerf walls and striae were photographed using a Canon Rebel T3i/600D camera body 
with a standard Canon 18-55 mm lens in LED light. All images were processed in iPhoto 
software. 
Statistical Methods 
A total of 10 traits were analyzed quantitatively using IBM SPSS Statistics, 
Version 20. Results were analyzed using Pearson’s chi square, chi square Goodness of 
Fit, one-way ANOVA, and independent sample t tests. Incidence rates for each trait were 
first tested statistically to determine if the data differed significantly from a random 
distribution. Next, differences between all six blades in the sample (five reciprocating 
blades and one manual hacksaw) were tested for significant differences. If significant 
differences were found to exist in the sample as a whole, further testing was conducted to 
identify statistical relationships between individual blades, and determine the source of 
significant difference in the larger sample. In the case of chi-square tests, adjusted 
residual values were calculated for each data point, and treated statistically as z-scores. A 
Bonferroni correction was utilized when determining the threshold value for significance 
(α=0.05). Finally, differences between the reciprocating blades as a group and the 
hacksaw control were tested to determine to what extent saw power may contribute to the 
incidence rate of particular class characteristics.  
 33 
CHAPTER 4:  RESULTS 
 
Introduction 
 A total of 17 traits (Table 2.2) were examined in the present study, ten of which 
were analyzed quantitatively. Results of this analysis are presented below. For each trait 
examined, example photographs are provided as well as tables including the sample size 
and incidence rate, by experimental blade. Blade numbers reflect those assigned in Table 
3.1 and Figure 3.1. Seven features either occurred so rarely as to not warrant statistical 
analysis, or were equally present among all blades including the control. These seven 
features are discussed further in Chapter Five.  
Minimum Kerf Width 
Minimum kerf width was measured for all false start kerfs using digital calipers, 
following the description in Symes (1992). Two intentional false start kerfs were made by 
each blade, in addition to the false start kerfs or deeper false start scratches that occurred 
as an indirect result of the cutting process. Examples of intentional false start kerfs and 
false start scratches are provided in Figures 4.1 and 4.2. All minimum kerf widths for 
each blade, as well as mean widths and standard deviations are presented in Table 4.1. 
Maximum blade widths for each blade have been summarized in Table 3.1. 
When comparing mean minimum kerf widths of the five experimental blades and 
the control hacksaw, Levene’s test for equality of variances was not significant (df=5, 
p=0.079), indicating that inequality of sample sizes did not affect the results, and that all 
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variance was correctly assumed to be homogeneous. Analysis of Variance (one-way) 
indicated a highly significant difference in minimum kerf width between all six blades 
utilized (F=10.784, df =5, p < 0.001). Having identified that significant differences do 
exist in the sample as a whole, post-hoc analysis was conducted to determine the 
statistical relationship between individual blades (Table 4.2). Tukey’s HSD test was 
chosen for this purpose, as it is suitable for unequal sample sizes with homogenous 
variation. Overall, significant differences in minimum kerf width specifically exist 
between Blade One and Blades Two, Four, Five, and Six. Differences between Blade 
One and Blade Three were not statistically significant. Furthermore, a statistically 
significant linear relationship (p=0.016) between average minimum kerf width and 
maximum blade width. The two factors are positively correlated (R=0.894), suggesting 
that as maximum blade width increases, so does average minimum kerf width. In general, 
these results support previous research that indicates a strong relationship between 
individual blade width and minimum kerf width (Symes 1992; Symes et al. 2010). 
The possible effect of saw power on minimum kerf width was investigated using 
an independent sample t test. In this case, an independent t test is applicable, as the 
maximum width of the hacksaw blade was not shared by any of the reciprocating blades. 
Levene’s test for equality of variances was not significant (F=0.027, p=0.871), indicating 
that inequality of sample sizes did not affect the results. In a comparison of mean 
minimum kerf widths, an independent sample t test indicated a highly significant 
difference in minimum kerf width between all reciprocating blades and the manual 
hacksaw blade (t = 2.881, df=22 p=0.009). These results are expected, as the hacksaw 
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blade was noticeably thinner than the reciprocating saw blades. Mean minimum kerf 
widths and standard deviations based upon saw power samples (all reciprocating blades 
vs. manual hacksaw) are presented in Table 4.3. 
 
Figure 4.1. Example of intentional false start kerfs (red arrows), and false start 
scratches (blue arrows) scale in cm. 
 
 
Table 4.1. Minimum kerf widths, mean kerf width, and standard deviation, for each 
blade, in mm. 
 
Blade 1 2 3 4 5 6 
M
in
. K
er
f 
W
id
th
s 
2.33 1.32 1.58 1.22 1.31 0.9 
1.77 1.26 1.65 1.48 1.27 0.67 
2.29 1.61 -- 1.32 1.31 0.71 
2.56 1.47 -- 1.39 1.31 0.82 
-- -- -- 1.33 -- -- 
Mean 2.24 1.42 1.62 1.35 1.30 0.97 
S.D. 0.33 0.16 0.05 0.10 0.02 0.45 
 
 
 36 
Table 4.2. Tukey HSD results, significant differences between blades, (p=). 
 
Blade 1 2 3 4 5 6 
1 N/A - - - - - 
2 0.004 N/A - - - - 
3 0.123 0.949 N/A - - - 
4 0.001 0.999 0.831 N/A - - 
5 0.001 0.989 0.745 1.000 N/A - 
6 <0.0001 0.184 0.089 0.275 0.474 N/A 
 
 
Table 4.3. Mean kerf width and standard deviation based on saw power, in mm. 
 
Saw Power Reciprocating (mechanical) Hacksaw (hand-power) 
Mean 1.5674 0.9740 
S.D. 0.3992 0.4541 
 
Kerf False Start (Cross Section) Shape  
Following Symes (1992), kerf false start (cross section) shape was assessed when 
possible. This analysis included false start kerfs, and breakaway spur/notch pairs large 
enough to enable reconstruction of the kerf floor. Examples of each shape and the 
proposed blade that causes the shape class, according to Symes (1992), are presented in 
Table 4.4. Class “C” false starts (Figure 4.2) are characterized by a bone island present on 
the kerf floor, and are considered typical of crosscut blades (Symes 1992). Class “D” 
false starts (Figure 4.3) are defined by a wide U-shaped kerf, with either round or square 
corners. Of the total observable kerf floors, five total were consistent with Class “C” as 
defined in Symes (1992), all occurring in false starts created by reciprocating blades. The 
remaining 22 false starts were consistent with Class “D”, and of these five were created 
by the manual hacksaw control and 17 by reciprocating blades. No Class “A” or “B” 
shapes were observed. Sample sizes and percentages for individual blades are 
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summarized in Table 4.5. Based upon the false start classes defined by Symes (1992), the 
frequency of observed shapes (Classes “C” and “D”) was compared to expected 
frequencies according to the saw types delineated by previous research (Symes 1992). 
Significant differences between the observations of the present study and hypothesized 
class frequencies based upon Symes (1992) were noted (χ2= 27.000, df= 6, p=0.001).  
When comparing frequencies of kerf cross section shape class of the five 
experimental blades and the control hacksaw (n=6), a Pearson’s chi-square test of 
homogeneity indicates that there is a significant difference (χ2= 11.095, df= 5, p=0.05) in 
the frequency of each shape (Classes “C” and “D”) observed between blades. Further 
testing was conducted to identify relationships between blades, utilizing the adjusted 
residual values for each data point. Specifically, the frequencies of cross section shapes 
noted for Blade 2 significantly differ (z = ±2.6) from the remaining five blades, including 
the control. Significant differences do not exist between the other blades examined 
(reciprocating or manual hacksaw).  
Additionally, when all reciprocating blades (n=5), including Blade 2, are 
compared to the control hacksaw blade (n=1), there is no significant difference in cross 
section shapes observed (χ2= 1.395, df= 1, p=0.238). Overall, these results support 
previous studies which have demonstrated that floor shape is a function of blade 
morphology as opposed to power source; however, the use of floor shape to differentiate 
reciprocating blades is limited. Furthermore, significant differences between previously 
assigned shape classes (Symes 1992), and the results of the present study were noted, 
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suggesting that further research is needed regarding the relationship between blade 
characteristics and kerf false start shape class. 
Table 4.4. Kerf false start shape classes; images from Symes (1992:56). 
Kerf	False	Start	
Class	 Variant	of	False	Start	Class	(not	to	scale)	
A	-	Fine	Toothed	(Bow)	Saws	and	
Serrated	Knives	
Alternating	 	 	 	
Raker	 	 	 	
Wavy	 	 	 	
Serrated	 	 	
B	-	Rip	
(chisel)	Saws	
	 	 	
C	-	Crosscut	
Saws	 	 	 	
D	-	Power	
Chain	Saws	 	 	
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Figure 4.2. Example of cross section Class “C”; scale in cm. 
 
Figure 4.3. Example of cross section Class “D”; scale in cm. 
Table 4.5. Kerf false start (cross section) shapes observed, by blade. 
Blade One Two Three Four Five Six Total 
Class 
C 2 40% 3 40% 0 -- 0 -- 0 -- 0 -- 5 
Class 
D 3 60% 2 60% 2 100% 5 100% 5 100% 5 100% 22 
Total 5 5 2 5 5 5 27 
 
 
 40 
Blade Drift in Kerf 
Symes et al. (2010) indicates that blade drift is most evident in shallow cuts by 
alternating set saws. Noticeable drift occurs due to the set of the teeth, producing a 
“figure 8” groove as teeth seek a midline orientation in the kerf. Drift becomes 
suppressed as the blade becomes further immersed in the material. Given these 
considerations, blade drift was analyzed in false start kerfs (Figure 4.1) and in shallower 
false start scratches (Figure 4.1). An example of blade drift including the “figure 8” 
groove is presented in Figure 4.4. 
In an analysis of the distribution (n=6 blades), presence/absence of blade drift was 
assumed to be truly random to test whether incidence of blade drift in reciprocating saws 
conforms to findings of previous research (Symes et al. 2010). A Pearson’s chi-square 
goodness-of-fit test indicates that there is a highly significant difference in the sample as 
a whole (χ2= 26.947, df= 1, p < 0.001), i.e., blade drift is absent more often than would 
be expected to occur by chance. An overall low frequency of blade drift is supported by 
previous understandings of its formation as related to specific blade types and kerf 
depths. Sample sizes and percentages for individual blades are summarized in Table 4.6. 
When comparing presence/absence frequencies of blade drift for the five 
experimental blades and the control hacksaw (n=6) to determine possible variations 
between blades, Pearson’s chi-square test of homogeneity indicates there was no 
significant difference in the presence of blade drift between blades (χ2= 4.536, df= 5, 
p=0.475). Given this conclusion, no further testing of statistical relationships between 
individual blades was undertaken. 
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When all reciprocating blades (n=5) are compared as a group to the control 
hacksaw blade (n=1), a Pearson’s chi-square test of independence indicates that there is 
no significant difference in presence of blade drift based on saw power (χ2= 1.163, df= 1, 
p=0.281). Overall, results indicate that blade drift does not vary significantly based on 
blade characteristics or saw power, and is a relatively rare kerf trait. Its presence alone 
should not be used to differentiate between reciprocating blades. 
 
Figure 4.4. Example of “figure 8” blade drift (red annotation); scales in cm. 
Table 4.6. Percentage of blade drift observed, by blade. 
Blade One Two Three Four Five Six Total 
Absent 8 100% 2 100% 2 100% 5 83% 8 80% 10 100% 35 
Present 0 -- 0 -- 0 -- 1 17% 2 20% 0 -- 3 
Total 8 2 2 6 10 10 38 
 
Presence of Bone Islands 
Bone islands are visible on the kerf floor, both in false start kerfs and on 
breakaway spurs. Previously, bone islands have been described as characteristic of blade 
drift and have similarly been attributed to alternating set blades (Symes et al. 2010). In 
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the present sample, presence of bone islands was assessed separately from blade drift. 
Blade drift was only determined to be present when the characteristic ‘figure 8’ groove 
was observed, while several kerf floors did have bone islands present without the 
accompanying groove. An example of bone islands is presented in Figure 4.5.  
In an analysis of the distribution (n=6 blades), presence/absence of bone islands 
was assumed to be truly random. A Pearson’s chi-square goodness-of-fit test indicated 
that there is a significant difference in the sample as a whole (χ2= 11.765, df=1, 
p=0.001), i.e., distribution of bone islands present/absent in the sample was significantly 
different than what would be expected by chance alone. These results tentatively suggest 
that presence of bone islands is not due to saw progress alone, but there may be other 
factors at work creating a non-random distribution. Sample sizes and percentages for 
individual blades are summarized in Table 4.7. 
When comparing presence/absence frequencies of bone islands for the five 
experimental blades and the control hacksaw (n=6) to determine possible variations 
between blades, Pearson’s chi-square test of homogeneity indicates there was no 
significant difference in the presence of blade drift between blades (χ2=3.005, df= 5, 
p=0.699). Given this conclusion, no further testing of statistical relationships between 
individual blades was undertaken.  
When all reciprocating blades (n=5) are compared as a group to the control 
hacksaw blade (n=1), a Pearson’s chi-square test of independence indicated that there is 
no significant difference in presence of bone islands based on saw power (χ2= .054, df= 
1, p=0.816), supporting previous research specifying that bone islands are not indicative 
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of saw power. Overall, results indicate that presence/absence of bone islands does not 
vary significantly based on blade characteristics or saw power, and is a relatively rare 
kerf trait. Its presence alone should not be used to differentiate between reciprocating 
blades. 
 
Figure 4.5. Example of bone islands (red arrows); scale in cm. 
Table 4.7. Percentage presence/absence of bone islands, by blade. 
Blade One Two Three Four Five Six Total 
Absent 7 78% 4 77% 2 100% 6 100% 5 71% 3 75% 27 
Present 2 22% 2 33% 0 -- 0 -- 2 29% 1 25% 7 
Total 9 6 2 6 7 4 34 
Cut Surface Drift 
Cut surface drift is a variation in the plane being cut as the blade progresses 
through the material. Cut surface drift is visible in both complete and false start kerfs. 
Shallower false start kerfs or scratches were not included in analysis. An example of cut 
surface drift is presented in Figure 4.6. 
 44 
In an analysis of the distribution (n=6 blades), presence/absence of cut surface 
drift was assumed to be truly random. A Pearson’s chi-square goodness-of-fit test 
indicated that there is a highly significant difference in the presence of cut surface drift in 
the sample as a whole (χ2= 17.090, df= 1, p < 0.001), i.e., cut surface drift was present 
more often than be expected. Through the mechanism is not wholly understood, the 
results of this study indicate that cut surface drift is not a rare kerf trait. Sample sizes and 
percentages for individual blades are summarized in Table 4.8. 
When comparing presence/absence frequencies of cut surface drift for the five 
experimental blades and the control hacksaw (n=6) to determine possible variations 
between blades, Pearson’s chi-square test of homogeneity indicates there was a highly 
significant difference in the frequency of cut surface drift between blades (χ2= 19.281, 
df= 5, p=0.002). Further testing was conducted to identify relationships between blades, 
utilizing the adjusted residual values for each data point. Specifically, the frequencies of 
cut surface drift noted for Blade One (z = ±2.1), Blade Three (z = ±2.5), and Blade Four 
(z = ±2.5) significantly differ from the remaining three blades, including the control. 
However, significant differences do not exist between the other blades examined (Blades 
Two, Five, and Six), nor among the blades that differ from the sample as a whole (Blades 
One, Three, and Four). 
When all reciprocating blades (n=5) are compared as a group to the control 
hacksaw blade (n=1), a Pearson’s chi-square test of independence indicates there is no 
significant difference in presence of cut surface drift based on saw power, (χ2= .131, df= 
1, p=0.718). Also, as discussed above, Blade Six was not found to differ from the group 
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when analysis of differences between blades was conducted. Overall, the results suggest 
that cut surface drift is a function of individual blade characteristics and not saw power; 
however, the presence/absence of cut surface drift alone cannot be used to confidently 
differentiate reciprocating saw blades.  
 
Figure 4.6. Example of cut surface drift (red arrows); scale in cm. 
Table 4.8. Percentage presence/absence of cut surface drift, by blade. 
Blade One Two Three Four Five Six Total 
Absent 1 6% 2 17% 7 58% 0 -- 7 41% 8 44% 25 
Present 15 94% 10 83% 5 42% 14 100% 10 59% 10 56% 64 
Total 16 12 12 14 17 18 89 
 
Presence of Harmonics 
Harmonics are three-dimensional oscillations visible on kerf walls or in cross-
section. Examples of harmonics are provided in Figure 4.7. When scoring this trait in 
particular, it is important to distinguish between large-scale drifts of the cut surface 
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creating a “stair-stepped” appearance, versus the mostly regular, smaller oscillations 
characteristic of harmonics.  
In an analysis of the distribution (n=6 blades), presence/absence of harmonics was 
assumed to be truly random. A Pearson’s chi-square goodness-of-fit test indicated that 
there is a significant difference in the frequency of harmonics (χ2= 26.791, df= 1,  
p < 0.001), indicating a non-random distribution. Sample sizes and percentages for 
individual blades are summarized in Table 4.9. 
When comparing presence/absence frequencies of harmonics for the five 
experimental blades and the control hacksaw (n=6) to determine possible variations 
between blades, Pearson’s chi-square test of homogeneity indicated there was a highly 
significant difference in the frequency of harmonics between blades (χ2= 61.533, df= 5,  
p < 0.001). Further testing was conducted to identify relationships between blades, 
utilizing the adjusted residual values for each data point. Specifically, the frequencies of 
harmonics noted for Blade One (z = ±2.4), Blade Two (z = ±2.0), Blade Five (z = ±2.4), 
and Blade Six (z = ±7.7) significantly differ from the remaining two blades. However, 
significant differences do not exist between the other blades examined (Blades Three and 
Four), nor among the blades that differ from the sample as a whole (Blades One, Two, 
Five, and Six). 
When all reciprocating blades (n=5) are compared as a group to the control 
hacksaw blade (n=1), a Pearson’s chi-square test of independence indicated there was a 
highly significant difference in presence of harmonics based on saw power (χ2= 58.642, 
df= 1, p < 0.001). Overall, results suggest that creation of harmonics is a function of both 
 47 
individual blade characteristics and saw power. While differences between reciprocating 
blades do exist, they cannot be confidently differentiated to enable unique identification 
based upon this trait.  
 
Figure 4.7. Examples of harmonics (red arrows), scale in cm. 
Table 4.9. Percentage presence/absence of harmonics, by blade. 
Blade One Two Three Four Five Six Total 
Absent 16 100% 12 100% 11 92% 11 79% 16 100% 1 6% 67 
Present 0 -- 0 -- 1 8% 3 21% 0 -- 15 94% 19 
Total 16 12 12 14 16 16 86 
 
Striation Regularity 
Striae were examined on kerf walls, both in complete kerfs and false starts. The 
striations were characterized as either regular or irregular, also termed uniform or non-
uniform by Symes et al. (2010). Irregular striations are characterized by varying 
directionality, as well as distance between individual striae (Figure 4.8). In contrast, 
regular striations have consistent directionality and distance between striae (Figure 4.9). 
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Orientation of striations, regular or irregular, can be used to determine generally the 
direction of blade progress, and the saw’s relative position to the material.  
In an analysis of the distribution (n=6 blades), incidence of regular/irregular 
striations was assumed to be truly random. A Pearson’s chi-square goodness-of-fit test 
indicated that there is a highly significant difference in the frequency of irregular vs. 
regular striations observed (χ2= 142.617, df= 1, p < 0.001), indicating that the 
distribution was not attributable to chance alone. Sample sizes and percentages for 
individual blades are summarized in Table 4.10. 
When comparing presence/absence frequencies of regular/irregular striations for 
the five experimental blades and the control hacksaw (n=6) to determine possible 
variations between blades, Pearson’s chi-square test of homogeneity indicates there was a 
significant difference in the frequency of regular/irregular striations between blades (χ2= 
18.173, df= 5, p= 0.003). Further testing was conducted to identify relationships between 
blades, utilizing the adjusted residual values for each data point. Specifically, the number 
of regular striae observed for Blade Two (z = ±4.2) was significantly different from the 
remaining five blades, including the control. Significant differences do not exist between 
the other blades examined, nor in the frequency of irregular striae noted for Blade Two in 
comparison to the remaining five blades, including the control. 
When all reciprocating blades (n=5) are compared as a group to the control 
hacksaw blade (n=1), a Pearson’s chi-square test of independence indicated that there 
was no significant difference in frequency of regular/irregular striations based on saw 
power (χ2= 1.078, df= 1, p= 0.299). Overall, results suggest that regularity of striations is 
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a function of individual blade characteristics. While limited differences between 
reciprocating blades do exist, regularity of striae alone cannot be confidently utilized to 
uniquely identify reciprocating blades. Additionally, the findings of the present study 
differ from previous research (Symes 1992; Symes et al. 2010) regarding the relationship 
between saw power and striation regularity. 
 
Figure 4.8. Examples of irregular striations (red arrows); scales in cm. 
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Figure 4.9. Example of regular striations (red arrows), close-up on right; scale in 
cm. 
 
Table 4.10. Percentage of regular/irregular striations, by blade. 
Blade One Two Three Four Five Six Total 
Regular 0 -- 4 17% 0 -- 0 -- 1 3% 0 -- 5 
Irregular 28 100% 20 83% 24 100% 26 100% 31 97% 28 100% 157 
Total 28 24 24 26 32 28 162 
 
Tooth Imprint/Floor Dip 
  Tooth imprint and/or floor dip are observable on kerf floors, including false starts 
and breakaway spurs. A wavy kerf floor results from the consecutive introduction of saw 
teeth into the kerf, causing the blade to literally ‘hop’ across the floor. Similar wavy 
imprints may be created when saw progress is interrupted, leaving imprints of tooth 
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points on the kerf floor. For the purposes of this study, these characteristics were scored 
together. The examiner considered whether the kerf floor was wavy as opposed to largely 
flat. This classification could include an undulation of the kerf floor itself, or an 
undulating cross-section caused by the imprint of teeth on either edge of floor, as 
depicted in Figure 4.10. Symes et al. (2010) similarly combines the kerf characteristics, 
as both processes result in the same kerf floor morphology. Tooth imprint features can be 
measured to determine the distance between teeth, as well as indicate blade set and tooth 
shape (Andahl 1978; Symes 1992; Symes et al. 2010). The presence or absence of tooth 
imprint/floor dip has not been characterized as indicative of a particular blade type nor 
attributable to saw power.  
 In an analysis of the distribution (n=6 blades), frequency of tooth imprint/floor 
dip presence/absence was assumed to be truly random. A Pearson’s chi-square goodness-
of-fit test indicated that there is no significant difference in the frequency of tooth 
imprint/floor dip (χ2= 3.103, df= 1, p= 0.078). Sample sizes and percentages for 
individual blades are summarized in Table 4.11. 
When comparing presence/absence frequencies of tooth imprint/floor dip for the 
five experimental blades and the control hacksaw (n=6) to determine possible variations 
between blades, Pearson’s chi-square test of homogeneity indicates there was no 
significant differences exist between blades (χ2= 6.248, df=5, p= 0.283). These findings 
are consistent with previous understandings of floor dip as a product of saw progress, i.e., 
having a truly random occurrence frequency, not related to blade characteristics. Given 
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this conclusion, no further testing of statistical relationships between individual blades 
was undertaken.  
When all reciprocating blades (n=5) are compared as a group to the control 
hacksaw blade (n=1), a Pearson’s chi-square test of independence determined that there 
was a significant difference between the groups based upon saw power (χ2= 3.920, df= 1, 
p= 0.048), indicating that tooth imprint is present more often in kerf floors created by 
mechanical as opposed to manual saws. Overall, the present study suggests that tooth 
imprint/floor dip cannot be used to differentiate between reciprocating saw blades; 
though its presence may have some relationship to saw power.  
 
Figure 4.10. Example of tooth imprint (red arrows), scale in cm. 
Table 4.11. Percentage presence/absence of tooth imprint/floor dip, by blade. 
Blade One Two Three Four Five Six Total 
Absent 5 56% 2 40% 2 100% 3 50% 4 57% 9 90% 25 
Present 4 44% 3 60% 0 -- 3 50% 3 43% 1 10% 14 
Total 9 5 2 6 7 10 39 
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Cut Surface Polish 	 Bone eburnation or accentuated polish of the cut surface is one readily visible 
indicator of increased energy transfer (Symes 1992; Symes et al. 2010). The polish is 
created by the high-speed extended contact of the blade with the bone, creating large 
amounts of friction (Symes 1992). As a measure of energy transfer, kerf walls were 
examined for presence (Figure 4.11) or absence (Figure 4.12) of eburnation. A high 
frequency of cut surface of polish would be expected in kerfs made by the reciprocating 
blades in comparison to the manual control blade. 
 In an analysis of the distribution (n=6 blades), frequency of cut surface polish was 
assumed to truly random. A Pearson’s chi-square goodness-of-fit test indicates that there 
is a significant difference in the frequency	of	cut surface polish in the total sample (χ2= 
39.200, df=1, p < 0.001), suggesting that the distribution is non-random. Sample sizes 
and percentages for individual blades are summarized in Table 4.12.  
When comparing presence/absence frequencies of cut surface polish for the five 
experimental blades and the control hacksaw (n=6) to determine possible variations 
between blades, Pearson’s chi-square test of homogeneity indicates that significant 
differences between blades exist (χ2= 34.633, df=5, p < 0.001). Further testing was 
conducted to identify relationships between blades, utilizing the adjusted residual values 
for each data point.	Blade Six differs significantly (z= ±5.7) from the remaining five 
experimental blades. These findings conform to previous research identifying cut surface 
polish as an indicator of saw power. 
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Furthermore, when all reciprocating blades (n=5) are compared as a group to the 
control hacksaw blade (n=1), a Pearson’s chi-square test of independence determined 
there was a significant difference in cut surface polish frequency (χ2= 32.516, df=1,        
p < 0.001) between groups based upon saw power, supporting previous research 
indicating that cut surface polish is indicative of saw power.   
 
Figure 4.11. Examples of cut surface polish ‘present’ (red arrows); scales in cm. 
 
Figure 4.12. Examples of ‘absent’ cut surface polish; scales in cm. 
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Table 4.12. Percentage presence/absence of cut surface polish, by blade. 
Blade One Two Three Four Five Six Total 
Absent 0 -- 0 -- 0 -- 2 17% 0 -- 10 59% 12 
Present 14 100% 10 100% 10 100% 10 83% 17 100% 7 41% 80 
Total 14 10 10 12 17 17 92 
 
Exit Chipping 
Exit chipping was qualitatively analyzed for all complete kerfs and false starts. 
The author described the location and quality of the chipping as well as assigned it to a 
pre-determined ordinal score size category (Table 4.13). Examples of each category are 
depicted in Figures 4.13-4.19. Those kerfs exhibiting chips of two size classes, e.g., small 
and medium, were given an average of the two size categories present. The entirety of the 
cut was considered, including the medullary cavity.  
Exit chipping has been previously discussed above (Chapter Two) as an indicator 
of saw direction (Symes 1992; Symes et al. 2010). Reciprocating saws cut on the ‘pull’ 
stroke, i.e., back towards the operator, while the majority of saws, such as the hacksaw 
utilized in the present study, cut on the ‘push’ stroke or away from the operator. When 
saw type is known, as in the context of this study, exit chipping can then be used to 
determine the position of the individual sawing in relation to the bone. Bones sawed by 
reciprocating blades would have the largest exit chips on the side closest to the operator, 
while bones in the control sample exhibit the opposite pattern.   
In an analysis of the distribution (n=6 blades), frequency of exit chipping size was 
assumed to be truly random. A Pearson’s chi-square goodness-of-fit test indicated that 
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there is a significant difference in the distribution of exit chipping sizes in the total 
sample (χ2= 36.720, df= 6, p < 0.001), indicating that the distribution is non-random. 
Sample sizes and percentages for individual blades are summarized in Figure 4.20. When 
comparing distribution of exit chipping sizes for the five experimental blades and the 
control hacksaw (n=6) to determine possible variations between blades, Pearson’s chi-
square test of homogeneity indicates that significant differences between blades (χ2= 
54.777, df= 30, p= 0.004). Further testing using Pearson’s Correlation indicates a 
statistically significant linear relationship (p=.031) between mean exit chipping size and 
blade TPI. The two factors are negatively correlated (R= -0.415). In general, these results 
suggest that blades with lower TPI are more likely to produce larger exit chipping. 
When all reciprocating blades (n=5) are compared as a group to the control 
hacksaw blade (n=1), a Pearson’s chi-square test of independence determined that 
significant differences exist in exit chipping size based on saw power (χ2= 20.048, df= 6, 
p= 0.003). The results of the present study suggest that exit chipping is not only 
indicative of saw direction, but is also a function of blade characteristics and saw power.  
Table 4.13. Exit chipping size - ordinal scoring system. 
Size of Exit chipping 
(qualitatively observed) Ordinal Score Assigned 
Minimal 1 
Small 2 
Small and Medium 2.5 
Medium 3 
Medium and Large 3.5 
Large 4 
Extensive 5 
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Figure 4.13. ‘Minimal’ exit chipping; scale in cm. 
 
Figure 4.14. ‘Small’ exit chipping; scale in cm. 
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Figure 4.15. ‘Small/Medium’ exit chipping; scale in cm. 
 
Figure 4.16. ‘Medium’ exit chipping; scale in cm. 
 59 
 
Figure 4.17. ‘Medium/Large’ exit chipping; scale in cm. 
 
Figure 4.18. ‘Large’ exit chipping; scale in cm. 
 60 
 
Figure 4.19. ‘Extensive’ exit chipping; scale in cm. 
 
Figure 4.20. Exit chipping sizes, by blade. 
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Conclusions 	 The present study examined a total of seventeen traits visible on kerf walls, kerf 
floors, and in false starts. A total of 10 features were analyzed quantitatively. The 
majority of features were scored on a presence/absence basis. Quantitative analysis 
demonstrated significant inter-blade differences, as well variations based upon saw 
power. In all cases of blades that differed from the overall sample, no further intra-group 
differentiation was possible, i.e., significant differences did not exist in the smaller group. 
Kerf features in which these differences were noted are as follows: kerf false start (cross 
section) shape, cut surface drift, presence/absence of harmonics, striation regularity, cut 
surface polish, and exit chipping size. Nonetheless, blades that significantly differed from 
the sample as a whole, but not from one another, tended to share blade characteristics 
suggesting that identification of sub-classes of reciprocating blades may be possible to an 
extent. Additionally, while significant differences were not noted for all features or 
between all blades, qualitative differences were noted between reciprocating saw kerfs 
and the control hacksaw kerfs, as well as among the reciprocating blades. These 
qualitative differences, as well as kerf features that differed quantitatively based upon 
blade characteristics will be further discussed in Chapter Five.  
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CHAPTER 5:  DISCUSSION 
 
Introduction 
Several of the traits analyzed were significantly different based on the blade 
utilized, when the entire sample was considered. While some of these differences were 
attributable to saw power, six traits appear to vary primarily due to blade characteristics. 
In these cases, a blade or group of blades differed significantly from the sample as a 
whole; however, intra-group variation was not noted. While the findings of the present 
study do not support the individualization of reciprocating saws blades, identification of 
reciprocating saw subclasses is possible to a limited extent. In all cases where significant 
differences were found, blades that differed from the sample as a whole had shared blade 
characteristics. In addition to differences between blades, findings of the present study 
concerning kerf cross section shape and blade drift/bone islands in reciprocating saw 
kerfs differ from previous research. Aside from quantitative differences, qualitative 
differences of kerf features were noted between the reciprocating blade samples and the 
hacksaw samples. Also, the reciprocating blade kerf characteristics differ from other 
commonly available mechanical saws such as chainsaws and circular saws, allowing 
them to be differentiated in a forensic context. Finally, two features were noted over the 
course of the present study that could be potentially unique to reciprocating blades. 
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Differentiation of Saw Power 
In general, kerf trait differences based upon saw power are supported by previous 
research findings. Two traits were significantly different solely based upon saw power: 
presence of cut surface polish and tooth imprint/floor dip. Symes (1992) and Symes et al. 
(2010) identified three characteristics strictly associated with saw power: general 
consistency of cuts, greater material waste, and high amounts of energy transfer. These 
features arise due to increased blade/tooth speeds, increased saw mass, and high amounts 
of torque. Bone eburnation or cut surface polish was utilized as a measure of energy 
transfer (Symes 1992). High amounts of energy transfer, as evidenced by cut surface 
polish are expected in mechanical saw kerfs. This polish is the proposed result of 
continued friction between the bone and the blade, with contact occurring at high speeds 
(Symes et al. 2010). Results of the present study found a significant difference in the 
presence rate of cut surface polish between mechanical/power saw and manual saw kerfs, 
with more energy transfer evident on kerf walls created by reciprocating saw blades. 
Additionally, significant differences in cut surface polish prevalence were also found 
between blades, regardless of power sources. Further analysis found that Blade Six 
significantly differed from the other five blades. As the blade in question was the manual 
hacksaw control, these results confirm previous research indicating that evidence of 
energy transfer, in conjunction with other variables, can be indicators of saw power.   
Symes (1992) and Symes et al. (2010) do not identify tooth imprint or floor dip as 
an artifact of saw power. Rather, measurements of tooth imprint features can help to 
estimate tooth height, and can also indicate set of the blade. The present study found 
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significant differences in the frequency of tooth imprint/floor dip presence based on saw 
power; however, no significant differences between individual blades was noted. While 
the trait was relatively rare in the sample as a whole, significantly more kerfs created by 
the reciprocating saw demonstrated this trait in comparison to the manual control saw. Its 
incidence rate in this sample does primarily conform to previous understandings of tooth 
imprint/floor dip (Andahl 1978; Symes 1992; Symes et al. 2010); however, the present 
results tentatively suggest that mechanical saws are more likely to produce kerf floors in 
which floor dip is visible.  
Differentiation of Blades 
Six traits also demonstrated significant differences between all blades examined 
(n=6). Nonetheless, demonstration that differences do exist among reciprocating blades 
regardless of their shared power source does not mean that they can be uniquely defined. 
However, blades that differed from the sample as a whole based on a particular kerf 
feature did tend to share blade characteristics. This finding suggests that sub-classes of 
reciprocating saws based on blade characteristics can be defined to a limited extent.  
Minimum kerf width as defined by Symes (1992) and Symes et al. (2010) was 
measured for all intentional false start kerfs and deeper false start scratches. Minimum 
kerf width is directly related to the width of the set of the blade (Symes et al. 2010). The 
width is affected not only by the set of the teeth but the length of the teeth themselves. 
Results of the present study using linear correlation testing support the previous assertion 
that minimum kerf width is a function of individual blade design.  In addition, there were 
significant differences between reciprocating blades (power saw) and the hacksaw blade 
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(control). Analysis of the blades themselves demonstrates that there is a significant 
difference in blade width between the reciprocating blades and the hacksaw blade, 
supporting the hypothesis that blade characteristics, not saw power, are the likely cause 
of inter-blade differences. The results of the present study support previous findings 
regarding minimum kerf width. In the case of reciprocating saw blades, prior research 
concerning minimum kerf width can be applied, though as is the case in other blades, kerf 
widths should not be taken as a reliable estimate of actual blade width. Rather, minimum 
kerf width can establish a minimum blade width threshold and can aid in eliminating 
suspect blades.  
Location of exit chipping has previously been identified as an indicator of saw 
direction, as well as the potential location of individual doing the sawing in relation to the 
material (Symes 1992; Symes et al. 2010). While Moore (2014) did consider the size of 
exit chipping and wastage among various chainsaw types, size of exit chipping has not 
previously been examined as an indicator of saw power or blade characteristics, 
particularly among reciprocating saws. Results of the present study found significant 
differences in exit chipping size between blades, as well as between the mechanical saw 
blade group and the manual control saw. In particular, frequency of exit chipping sizes 
was significantly different for Blade Two. Blade Two was unique as the only 
reciprocating blade produced by Milwaukee, though it did share characteristics with other 
blades. While Blade Six also differs in manufacturer (Dewalt), possible variation in kerf 
features for this blade are more likely attributable to saw power. Despite this source of 
unintentional variation, correlation analysis tentatively suggests that average size of exit 
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chipping may be a function of blade characteristics, especially TPI, and could possibly be 
utilized to differentiate between reciprocating saw blades. Additionally, exit chipping size 
as an indicator of saw power does conform to previous research, though it has not been 
framed exclusively in this light. Symes (1992) and Symes et al. (2010) identified high 
amounts of material wastage as indicative of power saws, i.e., more cuts could be made 
easily, essentially wasting the material, and finer/increased sawdust may be noted. If 
material waste is not viewed strictly as wasting more bone in the gross sense, but the 
bone chipping and other damage required to create finer-grain waste, larger or more 
frequent exit chipping would be expected with mechanical saws.  
 Cut surface drift results when there is variation in the plane being cut as the saw 
progresses through the material. This variation results in a wavy or stepped cross-section. 
Prior research has proposed that cut surface drift may be due to blade set, but the kerf 
trait is not wholly understood (Symes 1992; Symes et al. 2010). Results from this study 
found no significant difference in the presence of cut surface drift based upon saw power. 
However, significant inter-blade differences were found. Blades One, Three, and Four 
differently significantly from the sample as a whole, but not from one another. The blades 
were intended for pruning, wood with nails, and wood/metal respectively. All these 
purposes entail cutting through potentially non-homogenous material, unlike the 
remaining blades in the sample. These results tentatively indicate that cut surface drift 
can be used as one trait to differentiate between blades, particularly in regard to the 
homogeneity of the material they are intended to cut. Though the exact mechanism of cut 
surface drift formation is unknown, the trait is not attributable to saw power. While inter-
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blade differences do exist, the presence of cut surface drift alone should not be 
considered diagnostic of any particular reciprocating blade. Although blade set has 
previously been proposed to be a contributing factor of cut surface drift (Symes 1992; 
Symes et al. 2010), further research is required to understand fully the mechanism and 
subsequent totality of inter-blade differences, particularly in relation to the intended use 
of the blade. 
Symes (1992) and Symes et al. (2010) identify striation regularity as an indicator 
of saw power. Symes et al. (2010) stresses that kerfs created by hand powered saws are 
characterized by a lack of uniformity, often containing indications of the perpetrators arm 
movement. Mechanical saws are thought to produce more uniform striae and cuts, though 
striae may be less visible (Symes et al. 2010). Reciprocating saws in particular may only 
produce visible striae from the passive stroke, as opposed to the cutting stroke (Symes et 
al. 2010). No significant differences in striation regularity were found based upon saw 
power. However, significant differences between all utilized blades (n=6) were noted. 
Blade Two in particular was identified as differing significantly from the sample as a 
whole. As discussed previously, the only characteristic truly unique to Blade Two, 
besides TPI, is manufacturer (Milwaukee). Overall, additional research is needed to test 
further previous findings regarding striation regularity and saw power. 
Harmonics are produced through normal cutting actions of both mechanical and 
hand-powered saws (Symes 1992; Symes et al. 2010). The ‘peak and valley’ formations 
are visible on kerf walls or in cross section are seen as the side-view expression of blade 
drift, once the blade begins to penetrate deeper into the material (Symes 1992; Symes et 
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al. 2010). Like blade drift, harmonics have previously been attributed to nearly all 
alternating set blades (Symes et al. 2010). In the present study, significant differences in 
the presence of harmonics were found between blades, as well as between saw powers. 
While there were significant inter-blade differences, the present study did not note a 
relationship between presence of harmonics and alternating set blades. Harmonics were 
present in Blades Three, Four, and Six. While Blade Three is an alternating blade, Blades 
Four and Six are wavy set. Additionally, Blade Two is an alternating set blade but did not 
create any harmonics. Though presence of harmonics is demonstrated to differ between 
blades, previous attribution of the trait to alternating set blades should be re-examined. 
Additionally, blades found to differ from the sample as whole in regard to 
presence/absence frequency of harmonics (One, Two, Five, and Six) could not be 
grouped based upon shared blade characteristics. Also, harmonics were more often 
present in kerfs made by the hand-powered saw. While the presence of harmonics can be 
tentatively used as one line of evidence to determine saw power; the relatively less 
frequent presence of harmonics in mechanical saw kerfs may be a function of other kerf 
characteristics such as cut surface polish. Overall, these results suggest that creation of 
harmonics may be a function of both individual blade characteristics and saw power, 
though its creation remains poorly understood. Though presence of harmonics does differ 
between reciprocating saw blades, its use as an indicator of saw traits should be carefully 
considered, and only following further research in this area. 
Symes (1992) and Symes et al. (2010) have previously attributed kerf cross 
section shape to particular types of blades. While a significant difference in shape 
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frequencies between blades was noted in the present study, these results may be have 
been affected by blade manufacturer, as the only blade found to differ from the sample as 
a whole was Blade Two (produced by Milwaukee). Nonetheless, the shapes observed do 
not conform to the categories as previously defined. Though the categories are not seen 
as mutually exclusive, particular cross section shapes have been directly attributed to 
certain blade types. In particular, Class “C” floors are characterized as typical of crosscut 
blades, while Class “D” floors are primarily attributed to power chainsaws. While Class 
“C” floors are attributed to crosscut blades, two experimental blades (Five and Six) are 
crosscut blades but only produced Class “D” floor shapes. Additionally, Blade One is a 
crosscut saw, and blade Two is a rip saw, though both produced Class “C” floor shapes. 
The data suggest that Class “C” floor shapes are not restricted to nor typical of crosscut 
saws, and that Class “D” floor shapes may be more prevalent than originally thought. In 
particular, though Class ‘D’ floor shapes were originally attributed to chainsaws (Symes 
1992), Moore (2014) has recently demonstrated that kerf cross section shape is more 
variable among chain saw types than previously understood. At this time, despite inter-
blade differences, kerf cross section shape does not appear to be reliable indicator of 
blade characteristics, especially for reciprocating saws, and further research regarding 
kerf cross section shape is warranted. 
Blade Drift and Bone Islands 
Though other types of blades can produce blade drift, the kerf characteristic has 
been identified as most associated with alternating set saws (Symes et al. 2010). This 
finding supports the previous conclusion of Symes (1992) and Symes et al. (2010) that 
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blade drift is a function of blade characteristics as opposed to saw power. However, the 
results of the present study suggest that blade drift is not diagnostic of alternating saws 
and should not be used to differentiate blade types. The two alternating set blades in the 
sample (Blades Two and Three) did not produce any noticeable blade drift. In contrast, 
blade drift was noted in kerfs created by Blades Four and Five, both wavy set blades.  
In conjunction with blade drift, presence of bone islands was also analyzed. While 
bone islands alone were more readily observable than characteristic blade drift grooves, 
analysis of bone island presence does not provide different results overall. Similar to 
blade drift, the present study indicates that presence of bone islands does not vary 
significantly based on blade characteristics or saw power. These findings refute prior 
research associating bone islands and blade drift with alternating set blades (Symes 1992; 
Symes et al. 2010). Reciprocating saw blades should not be differentiated or even 
described based on the presence of bone islands, nor should their presence be used as a 
line of evidence in determining saw power.   
Characteristics of Saw Power  
Qualitative differences were also noted between the reciprocating blade kerfs and 
the hacksaw kerfs. In regard to minimum kerf width, the hacksaw kerfs were 
characterized by extremely narrow false starts of approximately 1 mm. While the striae 
created by the hacksaw would still be characterized as irregular, noticeable changes in 
blade directionality were fewer than the reciprocating blade kerfs. The striae were 
generally parallel, though distances between the striae were varied. Spacing between the 
striae was generally narrower than the reciprocating saw kerfs. Cuts made by the manual 
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hacksaw were more consistent, with fewer unintentional false start scratches and false 
start kerfs. Exit chipping was generally minimal or absent entirely. Cut surface 
eburnation was similarly minimal or absent. In general, the kerf walls were more 
superficially rugose, with pronounced harmonics. Examples of hacksaw kerf walls are 
visible in Figure 5.1 and are included for illustrative purposes. 
 
Figure 5.1. Examples of hacksaw kerf walls. 
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As a whole, reciprocating saw kerfs demonstrated less consistent cutting action. 
Striae were more irregular than those created by the manual hacksaw blade, with 
noticeable changes in directionality and varied distances between striae. In general, 
reciprocating saw striations appeared faint and were not as deeply etched into the kerf 
wall surface. The faint appearance of striae may be attributable to the greater cut surface 
eburnation noted for the reciprocating saw kerfs, and is also mentioned by previous 
researchers (Symes et al. 2010). Harmonics, when present, tended to be less pronounced. 
Spacing between the striae tended to be wider, and showed greater variation than the 
hacksaw kerfs. As blade TPI increased, striae appearance began to more closely resemble 
the hacksaw blade kerfs, though differences were still noticeable. Cuts made by 
reciprocating saw blades tended to be more erratic, with more unintentional false start 
scratches and false start kerfs noted, particularly for lower TPI blades. Exit chipping 
tended to be larger than the chipping noted for the hacksaw kerfs, but was also more 
varied between kerfs made by the same blade. Usually, average exit chipping size was 
smaller for higher TPI blades and encompassed less of the exterior cut surface. Overall, 
reciprocating kerfs showed more variation, both between and within blade groups. An 
example kerf wall for each blade is provided in Figure 5.2. Overall, the state of the 
remains utilized may have been a contributing factor to these qualitative observations. As 
cut limbs were sawed when partially defleshed, remains were subject to a large amount of 
vibration, contributing to the noted findings and limiting possible conclusions regarding 
striation regularly and other kerf features summarized above. In particular, the overall 
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size of exit chipping may have been exaggerated, though the general trends noted in the 
present study are still likely applicable to reciprocating blades. 
 
 
 
Figure 5.2. Examples of reciprocating blade kerf walls. Images are from blades one-
five (left to right). 
 
Comparison to Other Power Saws 	 In addition to noting differences between reciprocating blades and the manual 
hacksaw control, it is important to distinguish cases of possible reciprocating saw use 
from other types of power saws. Another saw commonly encountered in forensic contexts 
is the chainsaw (Moore 2014; Randall 2009; Reuhl and Bratzke 1999; Schyma et al. 
2013; Symes et al. 2010). As discussed previously, Symes (1992) first equated Class ‘D’ 
kerf floor cross section shape with power chain saws. Subsequent research has also 
identified ‘J’-shaped tooth beating/battering of the bone as characteristic of chain saw use 
(Symes et al. 2010), most likely due to the repetitive bounding of the chain against the 
bone, as each tooth is introduced into the kerf. Further research by Moore (2014) has also 
found that chain saw kerfs can vary based upon chain type and tooth design. In an 
analysis of multiple chain types, significant differences in size of exit chipping, size of 
the breakaway notch, the angling of the kerf floor, and the mass of bone wastage 
produced were noted (Moore 2014); however, similar to the results of the present study, 
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chains could not be uniquely identified based on these differences. Moore (2014) 
supported that battering of kerf walls may be indicative of chain saw use, and was the 
first note to kerf wall pitting as a potential kerf characteristic of chain saws. 
Reciprocating saws can be confidentially differentiated from chain saws as they do not 
display any of the features described by (Moore 2014) including angled kerf floors, 
excessive bone wastage and/or pitting. Additionally, no ‘J’-shaped tooth beating (Symes 
et al. 2010) was noted in the present study.  
 In addition to chain saw use, circular saws have also been noted in forensic 
contexts (Asano et al. 2008; Janík et al. 2016; Symes et al. 2010). Circular saws are 
unique in their blade design, causing fixed radius concave (or bending) striae (Symes et 
al. 2010). Rather than the generally parallel striae noted for the majority of other saw 
types, the striae created by circular saw blades reflect the circular shape of the blade. 
While a manual gigli saw, a flexible-blade saw intended to cut bone, can also create non-
parallel striae, the striae created by these types of saws tend to follow the convex bone 
shape (Symes et al. 2010), rather than the fixed radius curvature noted for circular saw 
blades. All reciprocating saw kerfs in the present had generally parallel striae, 
distinguishing them from saws creating more ‘circular’ striae, particularly mechanical 
circular saws.  
Characteristics of Saw Size, Set, or Shape 
Pull out striae, also called tooth scratch, are the perpendicular striae that 
occasionally result on the cut surface of the bone (Symes 1992; Symes et al. 2010). These 
scratches occur when the saw is withdrawn from the kerf, usually mid-stroke. 
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Measurements of pull out striae can be used in part to estimate tooth distance but are 
most helpful when used to corroborate more reliable estimates (Symes et al. 2010). Pull 
out striae were only noted three times in the total sample and were not utilized to estimate 
tooth distance, since the present study is limited to identifying characteristics unique to or 
more prevalent in kerfs created by reciprocating saws. Pull out striae presence alone is 
not considered indicative of saw power nor individual blade characteristics (Symes 1992; 
Symes et al. 2010), and cannot be used to identify uniquely reciprocating saw blades. 
Tooth hop refers to the striations which show patterned waves visible on the kerf wall 
(Symes et al. 2010). Distance between wave peaks has been shown to be an accurate 
estimate of teeth spacing (Andahl 1978; Symes 1992). Tooth hop was not observed in the 
present sample.  
Direction of Blade Progress 
For each kerf and false start, blade progress was qualitatively described. The 
blade usually progressed from the anterior to the posterior of the element, due to the 
orientation of the remains in the immobilizing clamp. Location of exit chipping and 
striation orientation further facilitated reconstruction of the blade progress and probable 
position of the person sawing.  
Entrance shaving is visible at the superior aspect of the kerf wall and can be 
created when the saw does not enter the bone perpendicularly, shaving the bone entrance 
(Symes 1992; Symes et al. 2010). While entrance shaving can be created by saw 
orientation, it is more often a result of the tooth set being wider than the blade (Symes et 
al. 2010). Only four instances of entrance shaving were observed in the total sample. As 
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the characteristic is associated with sawing action, as opposed to power or blade 
characteristics (Symes et al. 2010), its relatively rare occurrence is expected. 
Kerf flare can be observed at either end of the kerf floor and generally indicates 
the ‘handle-end’ of the blade (Symes et al. 2010). One end of the kerf floor exhibits the 
flare, while the opposite end does not. In a reciprocating saw which cuts on the pull-
stroke, kerf flare will more likely be away from the ‘handle-end’ of the blade, in contrast 
to the majority of saws, which cut on the push stroke. Kerf flare was only observed twice 
in the total sample. As kerf flare is related to the sawing action creating a particular kerf, 
as opposed to blade characteristics or power classes, a relative low frequency is not 
unexpected.   
Features Potentially Unique to Reciprocating Saws 
 In addition to the seventeen total traits identified for analysis at the outset of the 
present study (Symes 1992; Symes et al. 2010), two features potentially unique to 
reciprocating saw kerfs were also noted. Aside from expected exit chipping of the 
exterior cortical surface, exit chipping of the interior medullary surface was also noted in 
eight cases. These chips were of similar morphology to exterior exit chipping, but were 
generally smaller than the rest of the chipping present on that particular element. While 
not present in all reciprocating blades, the location of this exit chipping is novel.  
Though the majority of saws are utilized in a reciprocating motion, the high speed 
at which reciprocating saws operate, as well as their ability to accommodate blades of 
low TPI, wide set, and extended length, may create increased chipping. Additionally, 
reciprocating saws cut on the ‘pull’ stroke, in contrast to the majority of saws. The 
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interior exit chipping noted was consistently on the side of the medullary cavity opposite 
the most likely position of the cutter. This finding supports previous understandings of 
exit chipping (Symes 1992; Symes et al. 2010) in which the most concentrated location 
of exit chipping is created on the cutting stroke. The chipping noted is still created on the 
cutting stroke, it is merely on the interior medullary as opposed to exterior cortical 
surface. Further research is needed to understand the ways in which the high speed 
reciprocating motion of the blade may affect kerf characteristics, to include the creation 
of interior exit chipping. In the present study, creation of the internal exit chipping may 
be greatly exaggerated by the experimental set-up and vibration of remains during the 
cutting process. Nonetheless, further research regarding the presence of interior exit 
chipping as it relates to reciprocating saw use is warranted.  
 Adherent material was also noted on several kerf walls. In particular, Blades Four 
and Five had red material adhering to multiple kerf walls of each sample. Adherent white 
material was also noted in kerfs created by blade one. An example of the adherent red 
material is present in Figure 5.3 and an example of the white material in Figure 5.4. In 
total, three of the six blades were painted red (Blades Three, Four, Five). Though Blade 
Three does show wear to its red paint, no adherent material was noted on its kerfs. Symes 
and Berryman (1989) noted impacted bone dust as one feature of mechanical saws. The 
texture of the adherent material noted appears to be paint mixed with impacted bone dust. 
While the presence of paint residue or impacted bone dust alone is not indicative of a 
particular reciprocating blade, it could an indicator of saw power or the use of a brand-
new blade. Andahl (1978) and Delabarde et al. (2016) have similarly noted paint or other 
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residue material in saw kerfs, with chemical analysis of the paint offering an additional 
line of identifying evidence. In an effort to positively identify the likely usage of a 
reciprocating saw in a forensic context, such chemical analysis of the paint residue as 
suggested by Andahl (1978) and performed by Delabarde et al. (2016) may be helpful.  
Analysis of Neck Segments 
For the purposes of the present study, false starts and complete kerfs were also 
made in cervical vertebrae segments by three of the experimental blades: (1) 5 TPI, (5) 
14/18 TPI, and (6) 32 TPI. Cuts made in these locations were subjected to the same 
analytical criteria as long bone segments. Exit chipping was generally smaller when 
compared to cuts made on long bones. Cervical vertebrae cut by Blade One had 
‘minimal’ chipping, while Blade Five vertebrae showed ‘minimal’ or ‘absent’ exit 
chipping. Vertebrae cut by Blade Six had no exit chipping present. These results 
generally conform to the results noted for long bones, i.e., the average size of exit 
chipping tends to decrease as blade TPI increase. Nonetheless, the neck segment results 
do suggest that vibration of the long bone remains may have affected the increased size 
of exit chipping observed on long bone kerfs.  
In general, few kerf traits were visible on neck segments due to a variety of 
factors, particularly the smaller surface area of the kerf walls and the exposed trabecular 
bone. Both of these factors made identification and analysis of striations more difficult, 
frequently masking striae or causing them to appear extremely faint. Occasional areas of 
cut surface polish were observable, in addition to cases of cut surface drift. Overall, 
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though decapitation and torso-sectioning does occur in cases of criminal dismemberment, 
the potential saw identifying information available from the kerfs created is minimal.  
Conclusions 
Overall, the results of the present study indicate that inter-blade differences do 
exist between reciprocating saw blades. The mechanism of many of these characteristic 
differences is well-understood and has previously been attributed to various aspects of 
saw classes through the study of hand-powered blades (Symes 1992; Symes et al. 2010). 
While blades cannot be uniquely identified. differing kerf characteristics can be used to 
identify subclasses within the broader class of reciprocating saws. In regard to specific 
kerf characteristics, further research regarding the formation of harmonics, blade 
drift/bone islands, and kerf cross section shape is warranted, particularly in reciprocating 
saw blade samples. Additionally, two qualitative features were noted only in the 
reciprocating saw kerfs in the present study. The presence of impacted bone dust and/or 
adherent paint is supported by previous research (Andahl 1978; Symes and Berryman 
1989). The occurrence of interior exit chipping has not been previously noted in the 
literature. In general, reciprocating saw blades conform to previous theories regarding 
saw mark analysis. Inter-blade differences were noted and the creation of subclasses is 
possible to a limited extent. 
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Figure 5.3. Kerf wall with adherent red material visible (arrow), scale in cm. 
 
Figure 5.4. Kerf wall with adherent white material visible (arrow), scale in cm.     
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CHAPTER 6:  CONCLUSIONS 
 
Previous saw mark analysis (Andahl 1979; Bonte 1975; Moore 2014; Symes 
1992; Symes et al. 1998; 2010) has focused upon identification of saw power, followed 
by subsequent identification of various class characteristics of hand-powered blades. 
Reciprocating saws are unique as mechanical saws due to their ‘nest’ design (Symes 
1992). While the power source remains constant, a large number of blades and 
subsequent class characteristics are potentially possible.  
The present study has focused on the differentiation of reciprocating saws from 
other mechanical saws, and the potential for creating reciprocating saw “sub-classes”, 
ideally based on blade type or characteristics. As previously stated, prior analysis of 
mechanical saws has often failed to further differentiate beyond broad saw categories 
such as “chainsaw”, “reciprocating saw”, or “circular saw”, though recent progress has 
been made in the area of chainsaw kerf analysis (Moore 2014).  While identification of 
saw power is undeniably valuable in a forensic context, the ability to comment further on 
potential blade characteristics has been dismissed as unnecessary and repetitive in the 
case of reciprocating saws. In contrast, manual saw classes have previously been shown 
to vary based on blade type and set of the blade and received due analysis. The present 
study has demonstrated that reciprocating saws as a class of mechanical saws can be 
divided to a limited extent based on blade characteristics, similar to the previous analysis 
of hand-power saws, supporting the previous findings of Symes (1992). In addition, two 
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qualitative features were noted that may aid in differentiating reciprocating saws from 
other power saws.    
Class Characteristics of Reciprocating Saw Blades 
Previous research has demonstrated that differences in class characteristics 
between saw blades do exist and are products of varying blade set and type. Though an 
individual characteristic cannot define a class, when a suite of characteristics is 
considered, information concerning blade type and set can be estimated, ultimately 
defining a class. Rather than identify traits unique to a particular reciprocating blade, the 
present study tested whether differences between reciprocating blades were present in 
any form, constituting sub-classes within reciprocating saws as a whole. Results from the 
present study have demonstrated that various saw blades do produce differing kerf traits 
and can constitute sub-classes of reciprocating saws, though blades cannot be uniquely 
identified. The majority of variation of these class characteristics between reciprocating 
saw blades reflects previous research regarding class characteristics of saw blades 
(Symes 1992; Symes et al. 1998; 2010). Similar to manual saws, no characteristic was 
identified as unique to a particular reciprocating saw blade. Rather, identifying trends 
among blades can aid in the elimination of suspect blades, and estimation of potential 
blade characteristics; however, the ability to uniquely identify a reciprocating blade in 
comparison to other reciprocating blades is limited.  
In addition to traits previously identified as variable between blades, constituting 
class characteristics, several traits including presence of cut surface drift, striation 
regularity, size of exit chipping, and kerf cross section shape were shown to vary among 
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reciprocating blades, In regard to cut surface drift, given the lack of understanding 
surrounding the mechanism of the trait, its applicability as a class characteristic in a 
forensic context remains limited at this time. Striation regularity has previously been 
conceived as an indicator of saw power. The present study suggests that differing blade 
classes mediate changes in striation regularity, as opposed to saw power. Similar to cut 
surface drift, striation regularity as a potential class characteristic requires further study 
and cannot be attributed to a particular class of reciprocating saw blade, though inter-
blade differences are acknowledged. Size of exit chipping has not previously been 
examined as an indicator of saw class; nonetheless, this study did find that average exit 
chipping size does vary between blades, decreasing in size as blade TPI increases. 
Additionally, exit chipping size also significantly differed based on saw power, with 
mechanical saw blades having larger chipping present. Though not phrased in these 
particular terms by previous researchers (Symes 1992; Symes et al. 2010), the results of 
this study conform to the concept of mechanical saws as having increased material 
wastage. While size of chipping cannot be attributed to a particular class of reciprocating 
blade, acknowledgement that inter-blade differences do exist is still valuable, and may 
aid in eliminating particular reciprocating blades as suspect tools during forensic analysis. 
Finally, kerf cross section shape has previously been identified as typological of saw 
classes. While prevalence of various shapes does vary according to blade, the use of kerf 
cross section shape to identify reciprocating saw sub-classes is not advisable. Contrary to 
previous research, Class “D” was overwhelmingly present. Further investigation of 
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possible kerf cross section shapes is necessary, particularly to test their true applicability 
in forensic casework. 
Overall, though reciprocating saws can be subdivided into sub-classes based on 
blade types, these results are unsurprising. Hand-power saws have reliably been 
demonstrated to possess identifiable sub-classes based upon blade type and set. Given 
that reciprocating saw blades are subject to the same variations, inter-blade differences 
are to be expected. The majority of the differences found can be assumed to be the result 
of various blade characteristics previously identified in the literature (Symes 1992; 
Symes et al. 1998; 2010). The definition of reciprocating saw sub-classes should seek to 
follow those previously defined for hand-powered saws.    
Traits of reciprocating saws attributable to source of power generally conform to 
those previously identified. Symes (1992) and Symes et al. (2010) have previously 
identified greater consistency of cut, greater material waste, and greater measures of 
energy transfer as indicative of mechanical saws. In addition to these traits, one trait was 
noted during the present study that, while not unique to reciprocating saws, can 
potentially aid in their identification in a forensic context. A total of three blades 
demonstrated the presence of impacted bone dust, with or without adherent paint. Andahl 
(1978) has previously noted the presence of paint in manual saw kerfs, while Symes and 
Berryman (1989) observed impacted bone dust has an indicator of mechanical saws. The 
presence of impacted bone dust and/or adherent paint is not typological of a reciprocating 
saw subclass within mechanical saws overall; however, its presence does support the 
supposed use of a mechanical saw in any form. Analysis of the paint residue, when 
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present, can aid in the identification of brand or blade type, possibly aiding in the 
eventual differentiation of a reciprocating saw blade from other power saws.  
In addition to adherent paint, the location of exit chipping can aid in the 
differentiation of reciprocating saws from other power saws. In this study, interior exit 
chipping was noted in several blade samples. Prior research has not mentioned the 
presence of exit chipping on any surfaces other than the exterior cortical surface, 
regardless of saw power. In addition, reciprocating saws do not demonstrate traits 
previously identified to characterize other power saws to include circular saw and 
chainsaws, such as fixed radius curved striae or battering (Symes 1992; Symes et al. 
1998, 2010; Moore 2014).  Overall, reciprocating saw kerfs are characterized by traits 
indicating the use of a mechanical saw and varied expressions of class characteristics 
dependent upon blade. Their recognition in a forensic context demands the 
acknowledgment and subsequent analysis of this high variability. 
Results of the present study have demonstrated the high levels of variance present 
in reciprocating saw kerfs. These differences in blade class characteristics have not 
previously been noted in mechanical saw kerfs and offer many avenues for further study. 
Many aspects of saw mark analysis, particularly of mechanical saw class characteristics 
remain unexplored or not well-understood. The present study found significant 
differences in exit chipping size between blades, as well as the presence of interior exit 
chipping, unique to reciprocating saws. Further research should quantitatively investigate 
exit chipping size as a potential indicator of both blade and saw power classes, in addition 
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to the possible use of interior exit chipping as an identifying feature of reciprocating 
saws. 
While the use of nonhuman animal proxies for forensic anthropological research 
is frequent, further studies should conduct similar experiments on human remains. 
Nonhuman animal remains were chosen for their ready availability and relatively similar 
gross morphology to human bone; however, bone density and microscopic structure 
differ from human remains. Additionally, the remains utilized for this study were mostly 
defleshed and disarticulated, a factor which may have had an effect on the results. These 
various factors may cause different frequencies of class characteristics to be present, or 
contribute to the creation of entirely different features than would be observed in human 
specimens. 
Experimental trauma research on human remains is relatively rare for a number of 
reasons including availability and legal restrictions. Despite these obstacles, more 
comprehensive results that are truly applicable to human subjects in a forensic context 
necessitates the increased availability and permitted use of donated human specimens. 
New research should not only incorporate the broader use of human specimens, but the 
actual experimental dismemberment of intact bodies. Little research has been conducted 
regarding the potential limitations and variables involved in full-body dismemberment 
beyond the analysis of bony trauma and the blood/body spatter created. Size of victim 
and assailant may affect not only the choice of blade or saw, but the ease with which the 
subsequent cutting can be carried out to include time necessary.	
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Additional research is possible regarding variation between reciprocating saw 
models. This study examined inter-blade differences, all of which were attached to the 
same reciprocating saw body. Different reciprocating saws can be tested utilizing the 
same blade to determine if there is further variation between reciprocating saw models 
based on horsepower or brand. The saw utilized was also electric-powered. Several 
models of reciprocating saw exist which are battery-powered, similar to commercially 
available power drills. The amount of energy provided by these batteries is not constant 
throughout the battery life, which may create further variation in saw kerf characteristics.  
Aside from examination of reciprocating saw models and power sources, further 
research encompassing more reciprocating blades is necessary. Further research should 
expand to include other blades, to include the same blade in different lengths.      
The current study has demonstrated that significant differences in class 
characteristics do exist between reciprocating saw blades. Despite knowledge of this 
inter-blade variance, the mechanism for many of these differences has already been 
attributed to various class or blade characteristics. Nonetheless, reciprocating saws are 
unique in that one saw can accommodate many blade types. Analysis of suspect 
reciprocating kerfs should not only attempt to identify the saw in question as mechanical, 
but should further attempt to eliminate blades through the examination of class 
characteristics known to be caused by blade type and/or set.  
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